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XXXI.—On New Forms of Marine Diatomacee, found in the Firth of Clyde and 
in Loch Fine. By WU AAM Grecory, M.D., F.R.S.E., Professor of Che- 


mistry. Illustrated by numerous Figures, drawn by R. K. Grevitte, LL. D., 
F. R. S. E. 


(Read 19th January 1857.) 


In two papers read before this Society, I have very fully described the Diato- 
macese of the Glenshira Sand, which is very remarkable both for the large number 
of species found in it, which is certainly more than 320, and for the circumstances 
in which it must have been deposited. There can be no doubt, from the nature of 
the locality, which I have lately visited, that this bed was formed in thc ottom of 
the Dhu Loch, a shallow fresh-water lake, at that time extending aboui two miles 
farther up the valley than it now does, and being at a higher level. In consequence 
of a rise in the level of the Jand, or a fall in that of the sea (from which—that is, 
from Loch Fine, the lower end of the lake is separated by a narrow and low bar- 
rier, through which the waters of the lake pass to Loch Fine), the lake has long 
ago been drained, till its upper end is nearly two miles from the point it must have 
reached when the bed of sand was formed. The present level of the lake is con- 
siderably lower than it was then; the precise difference I had no means of ascer- 
taining, but I believe it is about 30 feet. Now, the most interesting fact about this 
lake is, that its actual level is that of half-tide, so that at low water the lake is 
discharged into the sea, while at high water the tide flows upward into the lake. 
Hence marine plants and animals are found in the Dhu Loch; herring, for ex- 
ample, are often caught in it, and were taken while I was in the neighbourhood. 
Hence also the present deposit in the lake exhibits a mixture of fresh-water and 
marine Diatomaceous forms. Now, the older sand, the subject of my paper, de- 
posited at a considerably higher level, also contains both marine and fresh-water 
Diatoms; and while the individuals of the two classes are both abundant, the 
marine species are at least twice, perhaps thrice, as numerous as those of fresh 
water. 

The natural, and, I have no doubt, the true explanation of the occurrence of so 
many marine forms in an inland deposit, formed in a fresh-water lake, is this: 
that at the period when the sand was formed the relative levels of the Dhu Loch 
and of Loch Fine were the same as now, when similar results ensue. 

But as the lake was then at a higher level than now, so also must the sea 
have been at a level as much above its present one. This conclusion is in ac- 


cordance with those derived from the observations made on raised beaches on the 
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banks of the Firth of Clyde, the level of which must always have regulated that 
of Loch Fine since the present form of the coast has existed. 
There was, however, a circumstance which at first tended to throw some 


doubt on this conclusion, according to which the marine forms of the Glenshira — - t 
sand must have come from Loch Fine. For although the known and described ma- f 
rine Diatoms found in the sand occur on our coasts, yet I was struck with the fact i 
that out of upwards of fifty new or undescribed forms, there seemed to be no ( 
trace in deposits from the Firth of Clyde, examined by more than one naturalist ( 
during the progress of my investigation. The fact of these forms being unde- 
scribed was prima facie evidence that they had not yet occurred on the British 
coasts. | | 
| Yet it was evident that the formation of the Glenshira sand was, geologically 
speaking, very recent ; so recent, indeed, that we could not suppose any number 


of species to have since become extinct. I came, accordingly, to the conclusion, 
that these undescribed forms must stil! exist in the waters of Loch Fine, or, what 
is the same thing, of the Firth of Clyde. I was therefore desirous to examine 
with care deposits from these waters, and this, during the past six months, | 
have been enabled fully to do. 

The materials which I have examined are the following :— 

1. A small quantity of dirt or sand washed from some nests of Lima /ians, 
dredged in Lamlash Bay on the 19th of July last, in 4 fathoms, by Professor 
ALLMAN. This material, though, when cleaned, very scanty, proved the richest 
of all. 

2. Four dredgings, made by myself, with the kind assistance of the Duke of 
AnrGYLi, in Loch Fine, at different points within two or three miles of Inveraray. 
These were all different, and three of them were interesting. They were taken at 
depths of from 14 to 18 fathoms, early in October last. 

3. Three dredgings made at the same time by the Rev. Dr Barctay, in Loch 
Fine, off Strachur, at depths of 15, 20, and 60 fathoms, also in October last. 

4. Three materials forwarded to me in October by the Rev. Mr Mites of Glas- 
sow, Who was for some time on the Holy Island, in Lamlash Bay. 

One of these was washed from the nests of Lima hians, as I had reported the 
richness of the former. These last were from 7 fathoms in Lamlash Bay, This 
‘material. dredged, I think, in June, was not so rich in Diatoms as Professor All- 
MAN s, but yet contained many interesting forms. 

The second was a coarse red sand, dredged off Invercloy, ah which was 
rather poor. 

The third was a mass of Corallina 8 taken with the hand, in rocky 
pools, at Corregills, Arran, when the tide was low. The Corallina proved to have 
been a good Diatom trap, and yiclded a material, not remarkable for the number 


a 
* 


NEW FORMS OF MARINE DIATOMACE®. 1475 


of species, but rich in individuals, and these nearly all of interesting, rare, or new 
species. | 

I had thus eleven different. materials, no two of which were exactly alike, al- 
though in all certain prevalent forms occurred. In each, on the other hand, some 
forms, few or many, were peculiar, and their presence gave a distinct character. 
A careful study of the whole has yielded interesting results; and these it is the 
object of the present paper to state as briefly as may be consistent with ac- 
curacy. | 

The first observation is, that these waters contain a very large proportion of all 
the known and described marine forms belonging to Britain, including a good many 
which have hitherto been very rare; so scarce, indeed, in some instances, that few 
observers have seen them. I may specify the following as being by no means 
rare, several, indeed, being abundant in these materials: 


Coscinodiscus concinuus. Pleurosigma delicatulum. 
Eupodiscus crassus. transversale. 
Ralfsii. SBrauurirella lata. 
sculptus. ILunantidium (?) Williamsoni. 
Campylociseus Ralfsii. Amphiprora elegans. 
Horologium. Podosira Montaguei. 

Navicula IHennedyi. Orthosira marina. 

granulata, Préb. Grammatophora macilenta. 

Lyra, Ehr Biddulphia Baileyi. 
Pleurosigma rigichun. turgida. 

obsearum, 


The second observation which I made was, that, as I had anticipated, nearly 
the whole of the new forms figured by me from the Glenshira sand are found 
living, and generally abundant, in these waters. The following list contains the 
names of such of the marine species, figured in my former papers, as I have found 
in the new materials :— 


Cocconeis distans. 8 Navicula didyma 6. 


costata. eee crassa. 
Eupodiscus Ralfsii; also var. G, sparsus. | Pinnularia Pandura. 
Campylodiscus simulans. | a longa. 
Surirella fastuosa, very large. vis inflexa. 
Amphiprora recta. Amphora Arcus. 

lepidoptera. 
Navicula rhombica. — . elegans. 
maxima. .. Plicata. 
angulosa, and var. 8. .. obtusa, 
latissima. ... reectangularis. 
elavata. „ lineata. 
...  splendida. Synedra undulata. 
incurvata. Tryblionella constricta. 
didyma, var. 7, costate | 5 apiculata. 


I think we can hardly doubt that all the new Glenshira marine forms will 
ultimately be found in the neighbouring waters. 


— 
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Before going farther, I have to remark, that two of the forms in the first list 
above given, namely, Campylodiscus Horologium and Himantidium Williamsoni, 
which had only been found by Professor WiLL1aMson, who detected them both in a 
dredging made by Mr BAL on the coast of Skye, in which they were very scarce 
indeed, have occurred abundantly, the former in one of the Loch Fine dredgings, 
and sparingly in some of the others, the latter in another of them, and, though 
less abundantly, yet frequent in nearly all the Clyde materiais. We shall see 
that Himantidium Williamsoni, which Professor Surrn had referred doubtfully to 
that genus, not having been able to see more than the front view of it, is really no 
Himantidium ; the side view, which is very abundant in one of my dredgings, hav- 
ing characters quite incompatible with the genus Himantidium. On this account, 
I shall refer to it among the new forms which I have to mention. I have found it 
a matter of very great difficulty, if not impossible, to refer it to any of the genera 
in Surru's Synopsis. I may here add, that Synedra undulata, which I had recog- 
nised in the Glenshira sand, but which had never occurred entire in that de- 
posit, is frequent in the first material from Lamlash Bay (Professor ALiman’s’, 
where it occurs quite entire in more than half of those I have seen, and, as I had 
concluded, from the imperfect specimens I had seen, attains a length of from 
(015 to about 0°02, which, for a Diatom, is gigantic. I had previously noticed a 
fragment of it in a recent gathering made by Professor Smiru, and he had himself 
subsequently found it frequent in Cork harbour. The first observer, however, 
was Professor BAIER, of West Point, New York, who had found it still larger 
on the American coast, which I was not aware of till long after my observations 
on the Glenshira sand were made. 

The third observation I shall here record is, that in these dredgings I found, 
in sufficient abundance, several very curious forms which had occurred in the 

zlenshira sand; but the description and figuring of which I had postponed, be- 

cause either they were so scarce that I could not obtain good specimens, or, 
being only found in a fragmentary, detached, or imperfect state, I was quite at a 
loss to determine their true nature and position. I think I may say that in every 
such case I have been enabled, by the study of the new materials, to understand 
the nature and structure of these obscure or doubtful forms, and to establish 
them as new and distinct species. 1 have also been enabled to understand better 
several of the forms which were figured in my former papers, and to correct 
some errors which had crept into these. 

I need not here give a list of the forms just alluded to, as they will be in- 
cluded in that of the new forms to be described. In that list, I shall mark them 
with a G, to indicate that they were first noticed in the Glenshira sand. 

Lastly, in the new materials I have found a large number of entirely new and 
undescribed species, which I shall now proceed to enumerate. I may here men- 
tion, that although a good many fresh-water forms do occur in these dredgings, 
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as must, indeed, be the case, since the Clyde and all its tributaries bring down 
such forms, yet the new forms in question appear to be all of marine origin. 
They are, in general, much too abundant to have been derived from any other 
quarter, whereas the fresh-water forms among them are much scattered. It 
is proper also to state, that although all these forms are, to the best of my 
belief, new to Britain, yet a few of them have been described by EnnRENnEnd in 
some of his numerous works, and also by De Bresisson. The great majority, 
however, have not anywhere been figured; not, at least, in any works accessible 
to me. 

As the new forms belong to a very few genera, it will be convenient to arrange 
them in groups. Those I shall adopt are as follow :— 


I. Naviculoid Forms. 

II. Cocconeides. 
III. Filamentous Forms. 
IV. Discs, including Campylodisci. 
V. Amphiproræ. 

A. Simple. 

VI. Amphore. {5 Complex. 
VII. Miscellaneous. 


GROUP I. 


Navicvu.or Forms. 


These, as is usual in all gatherings, are numerous. Including two or three 
varieties of species already known, those which I have recognised as new are 
the following :— 


1. Navicula minor, n. sp. 10. Navicula spectabilis, n. sp. 

2 : Cluthensis, n. sp. 11. preetexta, Ehr. 

3 inconspicua, n. sp. 12. Bombus, Ehr. 

4. brevis, n. sp. 13. L ura, Ehr. 

5... Clavieulus, n. sp. 14. Lyra, Ehr. var. 8, abrupta. 

6. . Musca, n. sp. 15. ...  Smithii, var. 8, fusca. 

7 rectangulata, n. sp. 16.  Smithii, var. 5, nitescens. 

8 nebulosa, n. sp. 17. Smithii, var. 3, suborbicularis, 
9 Barclayana, n. sp. 18. maxima, Greg. 


1. Navicula minor, n. sp. Pl. IX., fig. 1. Form rectangular in the middle, acu- 
minate at the ends, which are acute. Length from 0·0012“ to 0.0025; breadth 
0˙0004 to 00008”. Strim fine, inclined near the ends, not reaching the median 
line, 36 to 40 in 0-001". The whole form has a delicate aspect. 
This little form, represented in fig. 1, occurs in two or three of the Loch Fine 
dredgings, in one of which it is sufficiently frequent. 
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2. Navicula Cluthensis,* n. sp. Pl. IX., fig. 2. Form oval, rather broad. Me. 
dian line broader at the centre, narrower at the apices. Central nodule definite, 
large; terminal nodules smaller. Length 0 0013“ to 0°0016"; breadth about 
0001”. Strize conspicuous, clear, and sharp, inclined slightly in the middle, 
strongly near the ends; about 20 in 0:001”. 

Fig. 2 represents this form, which occurs in Professor ALLMAN’s dredging from 
Lamlash Bay, and though not abundant, is yet frequent enough for all practical 
purposes. It is very uniform in its characters, and though the description above 


given may not appear very characteristic, yet I know of no form with which this 


one can be confounded. Its aspect is so peculiar that it is instantly recognised. 

3. Navicula (2) inconspicua, n. sp. Pl. IX., fig. 3. Form linear, rather narrow, 
with rounded ends. Median line strong, complex, interrupted in the middle. 
Nodule definite. Aspect of valve hyaline. Striation so fine that it has not yet 
been resolved; and at all events it cannot be visible under a power of 400. 
Length 0 002“ to 0:0032; breadth about 0-00035." 

This little form occurs both in Lamlash Bay and in Loch Fine. I do not feel 
quite sure that it is a Navicula, as it may possibly belong to a filamentous species ; 
it may be, for example, a Diadesmis; or it may prove to be a Schizonema. This 
can only be ascertained by observations on examples in the living state. 

4. Navicula brevis, n. sp. Pl. IX., fig. 4. Form nearly elliptical in the middle; 
broad, short; contracted to short, produced, obtuse extremities. Length about 
00023"; greatest breadth 0°0013". Strie fine, about 35 in 0-001’; very slightly 
inclined, not reaching the median line, and at the centre leaving a large, round, 
blank spot,within which the two halves of the median line end in small rounded 
expansions. Central nodule indetinite; terminal nodules definite. 

This form is easily recognised by its short, squat shape, and is distinguished 
from NM. semen, which it resembles in form, by its much finer striation. It occurs 
in Lamlash Bay, and is not very scarce in Professor ALLMAN’s dredging from that 
locality. | 

5. Navicula Clariculus, n. sp. Pl. IX., figs. 5,5, and 5 c. Form of valve linear, 
narrow, with one central and two terminal expansions, separated only by two 
constrictions. The terminal expansions are much elongated, oval at the extre- 
mities, and rather broader than the central expansion. Central nodule definite. 
Length 00015” to 0002"; greatest breadth 00002“ to 00003. On the S. V., 
figs. 5 and 55, the central expansion is unstriated. Striꝶ on the rest of the valve 
transverse, sharp, not quite reaching the median line; about 32 in 0°001". The 
F. V., fig. 5 c, is rectangular, with slightly expanded and bevelled angles, and exhi- 
bits the same absence of strie from the middle part.t The strice are seen to a 


* From Clutha, the Clyde, 


+ Figs. 5 b and 5 ¢ are magnified 800 diameters, to bring out the details. Fig. 5 is magnified 
only 400 times, and is below the average size. 
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certain extent on the F.V., but most towards the extremities, indicating that the 
S. V. is more convex near the ends than in the middle. I have named this form 
from its resemblance to a small two-headed club. 

It occurs only in one of the Loch Fine dredgings, in which, though far from 
frequent, I have been able to examine many more specimens than are required to 
ascertain the characters of the dead form. I observe that it often occurs in pairs, 
as well as solitary, so that it may perhaps belong to a filamentous genus, such as 
Diadesmis. But as I cannot be sure of this, without seeing the living or growing 
form, I refer it, for the present, to Navicula. 

6. Navicula Musca, n. sp. Pl. IX., fig. 6. Form of valve deeply constricted in 
the middle, broadest at a point near the middle on each side of it, and almost 
triangular thence to the acute apices. Length 0:002’; greatest breadth 00011; 
breadth at middle 0 00075“. Striation confined to a marginal band, which is 
rather broad, and nearly of uniform width, except at the apices. Median line 
sharp; central nodule definite. Strise coarse, 18 in 0-001"; distant, moniliform. 
Aspect of the valve transparent. | 

The form of this very pretty species is allied to that of N. didyma and the other 
panduriform Naviculz, which are so frequent in marine gatherings. Even its form, 
however, is peculiar, and it is at once distinguished from all the others by its mar- 
ginal striation. It so much resembles in shape the body of a bee or wasp, that I 
should have named it Apis or Vespa, had not these names been already appro- 
priated to other species by EHRENBERG. I have chosen, therefore, the specific name 
Musca, as the form is also that of various large flies. It occurs in the same Loch 
Fine gathering, as Nos. 1, 3, and 5; a gathering which, though very scanty and very 
stony, has proved singularly rich in undescribed forms, especially of Amphorz, 
as we shall see farther on. This dredging was a very coarse sand, which, after 
boiling with acid, I was on the point of rejecting as useless, when I observed a 
very trifling cloud of finer matter. This, though full of mica, supplied a remark- 
able proportion of new species; so much so, that I believe it contained as many 
of these as of known species; and of the undescribed forms found in it, a majo- 
rity have occurred in it alone. I mention these facts, in order to show that every 
dredging, however unpromising, in such localities as Loch Fine and the Clyde, 
ought to be closely examined. This one was most unpromising ; yet it turned 
out not only rich in new species, but very different from the other dredgings made 
in the same waters. 

7. Navicula rectangulata, n. sp. Pl. IX., fig. 7. Form of S. V. rectangular, the 
extremities being rounded; rather narrow. Length from 0 003 to 0˙004; 
breadth about 0·0006 to 0°0008”. Striation highly radiate, there being three 
centres of radiation on each side—one in the middle, and one at each end. Striz 
soft, not very fine, subdistant ; about 22 in 00010, not quite reaching the median 
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line, and leaving a.very small, round, blank space in the contre, Central nodule 
indefinite. The F. V. has not yet been recognised. _ 

This form is remarkable for the shape of the S. V., which is that usually found 
in the F. V. It occurs rather sparingly in Professor ALLMAN’s dredging from Lam- 
lash Bay, which, of all the dredgings, is the richest in species, whether known or 
undescribed. 

8. Navicula nebulosa, n. sp. Pl. IX., fig. 8. Form oval, broad; generally with 
a slight tendency to angularity in the middle, and also a tendency to acumina- 
tion at the apices. Length from 0:0025" to 0°0035"; breadth 0:0013” to 0:0016". 
Median line sharp, ending in two elongated expansions at the centre, which do 
not meet. Nodlue indefinite. On each side of, and close to, the median line, is 
a narrow rectangular band of striation, interrupted at the nodule. At the margin 
is a somewhat broader, but still narrow, striated band, almost exactly of uniform 
width throughout. Striæ 34 to 36 in 0-001". Aspect of valve hazy and indistinct. 
Striated portions pale blue under the half-inch objective. This form is allied to V. 
HTennedyi, figured in my second paper on the Glenshira sand (see Trans. Mic. Soc., 
vol. iv., pl. v., fig. 3.) But I have found it necessary to separate it from that spe- 
cies, in consequence of its very different aspect. NM. nebulosa is a smaller form than 
N. Hennedyi; the one here figured being an unusually large one. It is also much 
more finely striated; and, above all, it has invariably that peculiar indistinctness 
of aspect from which I have named it; whereas N. Hennedyi, even when of a 
smaller size, as we sometimes find it, is always remarkable for the sharpness of 
its markings. The tendency to angularity generally seen in N. nebulosa is never 
found in N. Hennedyi. Lastly, the striation of the former is so much finer, that 
the striated parts, seen under a low power, have a very pale bluish tinge never 
seen in the latter. When the two forms are seen in the same field of view, as often 
happens in Professor ALLMAN’s dredging from Lamlash Bay, and even when N. 
Hennedyi is the smaller, though it is generally much larger, the difference between 
them is very striking. I might have considered V. nebulosa as a variety of NM. Hen- 
nedyi, but that I have found both forms exceedingly uniform in their characters, 
and have not been able to observe any tendency to transition from one to the other. 
N. nebulosa is frequent in the Lamlash Bay dredging just mentioned, in which M. 
Hennedyi also occurs; but elsewhere I have hardly ever seen the present species. 

9. Navicula Barclayana, n. sp. Pl. IX., fig.9. Form an elongated oval, some- 
what suddenly contracted to acute extremities, terminated by small round api- 
culi. Median line narrow, ending at the middle in two small expansions. No- 
dule indefinite. Length 0:004” to 0°0045"; breadth 0001“ to 0°0012". Strie 
about 38 in 0-001”, somewhat inclined, sharp, minutely moniliform, confined toa 

marginal band, which is rather narrow, and of uniform width ee near the 
apices, where it becomes narrower. 


This is a fine conspicuous form, and occurs not unfrequently in the same Loch 


NEW FORMS OF MARINE DIATOMACEZ. 481 


Fine dredging; with NV. Claviculus, N. Musca, &. I have also seen it, though 
much more sparingly, in some of the other n both from Loch Fine and 
Lamlash Bay. 

10. Navicula spectabilis,n. sp. Pl. IX., fig. 10. Form elliptic-lanceolate, very 
broad; ends subacute or acute. Length from 0-003" to 0005; breadth from 
0023" to 00032. Median line sharp, having close to it on each side a narrow 
striated band, interrupted at the middle. Central nodule large, indefinite. There 
is a marginal band of striation, which is very broad in the middle, where it pro- 
jects inwards to an obtuse point, and very narrow at the apices. Strise coarse. 
moniliform, about 22 in 0°001°. The blank spaces between the marginal and 
central bands are very broad; and this part of the valve is so thick and strong, 
that in fractured specimens we never find it broken across, but we often see the 
entire blanks, united by the central nodule, which is elongated laterally, separated 
from all the striated parts, forming a singular object. 0 

This form is allied to N. Lyra, Ehr., and also to V. Hennedyi. I consider it. 
however, quite distinct from either. It occurs frequently in Lamlash Bay; but I 
have not yet seen it elsewhere. The form and width of the marginal band dis- 
tinguish it from N. Hennedyt, while the broad blank spaces distinguish it from 
. Lyra, in which, as we shall see, these spaces are linear. Besides this, V. Lyra 
very often occurs with produced ends, and never has the peculiar form of N. 
_spectabilis. The latter never occurs with produced ends. Moreover, under a low 
power, N. spectabilis has a bright brown colour, in the striated parts, not observed 
in M. Lyra. Lastly, I find this form remarkably uniform and constant in its 
characters. It is very conspicuous, and generally larger than M. Lyra. 

11. Navicula preterta=Pinnularia preteata, Ehr. Pl. IX., fig. 11. Form a 
pure and broad oval. Length from 0-004’ to 0°005" ; breadth 0-0025" to 0003 
Median line sharp, the central extremities ending in large, rounded expansions, 
which are bent to the same side. Central nodule indefinite, extending trans- 
versely. On each side of, and close to the median line, a narrow linear band of 
very coarse and coarsely moniliform striz. At the margin of the valve is a rather 
broad band of strize, exactly like those of the central bands. This marginal band 
is of uniform width till near the apices, where it gradually becomes narrow. 
Striz 8 to 10 in 0°001". The broad intermediate space between the marginal and 
central bands is not blank, as in V. Hennedyi, but is irregularly dotted or stippled 
with round granules, precisely the same as those of the strie Towards the centre, 
and near the ends, the median striated bands pass gradually into the sparsely 
dotted space. Between these points the median bands end more abruptly. The 
scattered granules are consequently most thickly set round the nodule and near 
the apices. The granules are so large, that there are not more than five in each 
of the longest of the marginal striæ. 

This conspicuous and Wai species has been figured by EunEN ENO, as 
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occurring in the Clay Marl of gina, a bed belonging either to the Chalk forma- 
tion or to the oldest Eocene strata. It seems to be very scarce there, for Exrensere 
has figured an imperfect specimen. I found it first rather sparingly in Professor 
Attman’s Lamlash Bay dredging; and, since then, still more sparingly in Mr 
Mi.es’s, from the same locality, as well as in several of my Loch Fine dredgings. 
It is obviously a member of the same group as NV. Hennedyi, N. nebulosa, and 
others, with marginal and central striated bands. It is distinguished by its size, 
by the remarkable coarseness of its striation, and by the peculiarity that granules, 
such as form the striz, are scattered over the unstriated space, without regu- 
larity. I have been informed that a form of V. Hennedyi occurs, with a similar 
character, but this I have not seen. I presume it will be easily known by its 
much finer striation, and its smaller size. Though this species is hitherto scarce, 
I have been able to examine a large number of examples, and also to supply 
various correspondents with specimens. =) 

I avail myself of this opportunity to point out, that we have here an excellent 
example of the occurrence, in the recent state, in our seas, of a species hitherto 
known only as a fossil one. But as the Clay Marl of gina is the oldest deposit 
in which Diatoms have been detected with certainty, we have evidence that a 
species which is among the oldest of known Diatoms still exists. Nor is this by 
any means an unusual occurrence. In EnRENBERG’s plate of the microscopic 
forms of this Eocene clay marl (Eocene at least, if not Cretaceous), he figures 
many other forms, all of marine origin; and all, or nearly all, of which are still 
living species. Indeed, I have seen upwards of three-fourths of these Diatoms in 
the dredgings described in this paper. Among these are Actinocyclus undulatus, 
Coscinodiscus radiatus, Pyaxidicula cruciata, Navicula pretexta, N. Bombus, and 
many other frequent forms. I feel assured that every form of Diatom found in 
that Clay Marl, still lives in the present seas. And if this be the case with the 
oldest Diatomaceous deposit, it is no less likely to hold good of such as are of 
later date. In the great bed of Richmond, Virginia, which is marine, and said 
to be of the Miocene period, perhaps the most frequent form is Orthosira marina, 
Sm. (olim Melosira.sulcata, Kiitz.); a form which I find, as already mentioned, 
very abundant in Lamlash Bay. In the same deposit occurs Coscinodiscus cen- 
tralis, Ehr., a splendid disc, to be described farther on, as occurring in the Clyde; 
and I might multiply similar examples almost ad infinitum. 

Here the question naturally presents itself, Are there any extinct species of 
Diatoms? Strange as it may seem, when compared with what is found to occur 
in organisms of other and higher classes, I believe that this question ought to be 
answered in the negative. 

Ir the earlier works of EnrRENBERG, we frequently meet with species, and even 
with large groups of species, or almost genera, which are stated to be “ fossil 
only,” and which were believed to be extinct. Such forms are Campylodiscus 
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clypeus, found in the polishing slates of Bohemia, and the whole series of den- 
tate Hunotim, found so abundantly in the Lapland Bergmehls. 

But the progress of observation has shown that these forms are still in exist- 
ence: C.clypeus has recently been found in British waters; and in America, and 
elsewhere, the dentate Eunotie, such as E. Diadema, E. heptodon, E. octodon, 
E. Serra, and others, have been found recent. I have myself often found, during 
the last two years, E. triodon, a form long regarded as extinct, in many of our 
streams, although scattered. But last summer I detected it as the predominant 
form in a gathering made by Professor BALrobx, in a small stream on a hill in 
Arran, not far from Lamlash. 

I conclude, therefore, that our knowledge of the existing species of Diatoms 
is yet far too limited to allow us to say that any fossil species no longer exists. 
In this very paper, [ make known the actual existence of several species, hitherto 
‘supposed to be exclusively fossil, and every day adds to the number of existing 
forms, while it diminishes that of those conjectured to be extinct, few of which 
are now left. Surely, when one or two localities yield so many undescribed forms 
as I have here the honour to lay before the Society, we are not entitled to con- 
clude that any form is extinct, because hitherto it has only been met with in the 
fossil state. In the present state of our knowledge, it is far more probable, that 
we shall ultimately find, as I have done in the case of V. pretezta, that the sup- 
posed extinct species are all still in existence. 

But, it may be asked, How is it that you suppose no species of Diatoms to have 
become extinct, when, in almost every other class, the extinct species far out- 
number the existing ones? In answer, I would observe, first, that we have 
no undoubted evidence of the existence of Diatoms earlier than the Clay Marl 
above named, which is either Eocene, or a member of the latest Chalk deposits. 
Now, if it be Eocene, then we know that that formation contains, even among 
fishes, a certain proportion of existing species. This proves that the condition of 
the Eocene period did not differ nearly so much from the present conditions as 
those of earlier deposits must have done; those, for example of the Carboniferous 
series, of the Old Red Sandstone, or of the Silurian strata. 

Secondly, the size of Diatoms is so very minute, and their structure so exceed- 
ingly simple, that they must be little, if at all, affected, even by very considerable 
climatic variations. Of this, indeed, we have ample evidence, so far at least as 
concerns existing differences of climate. If we consult the plates of EnrENBERG’s 
Microgeology, we shall see that the existing species of Diatoms found in the most 
distant and different parts of the world, in the Arctic and Antarctic Seas, in the 
tropical zone, and in our own temperate regions, are, for the most part, absolutely 
identical. There are, no ‘doubt, local differences; but these, as is shown in this 
paper, may be very great in almost contiguous localities. On the other hand, 
having examined the diatoms in a large number of American and other exotic 
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soils, I have always found a very great majority of common British species. As 
an example, I may specify two soils particularly rich in Diatoms; one from the 
Sandwich Islands, the other from Lebanon. The former was quite like an ordi- 
nary fresh-water gathering, the latter resembled a poorer material. In both, I 
have great doubts whether all the numerous species are not identical with our 
own. Some few of the species, indeed, are not to be found in Surrn's Synopsis; 
but most of these have been described by others, or by myself, as British forms, 
since that work appeared. 

So far, therefore, as the greatest actual differences of climate are concerned, 
Diatoms are apparently not affected ; as in the cases just mentioned, it is impos- 
sible to distinguish the exotic specimens from British ones. | 

If, therefore, Diatoms did not exist earlier than the Eocene period, it is quite 
conceivable that none of them may have become extinct. 

I have already stated that the Clay Marl of gina is supposed by some to be- 
long to the formation next below the Eocene, that is, to the latest Cretaceous beds ; 
but that there is no satisfactory evidence of Diatoms in any earlier formation. If we 
admit the Xanthidia to be Diatoms, these forms are known to occur in chalk 
flints. But the Xanthidia are not usually regarded as Diatoms. and I have not 
seen, either in flint or in chalk, any admitted or recognised Diatoms. 

ERENBERG figures many microscopic forms from the Chalk and older strata, 
some even from the Silurian Greensand. But these older forms, at least so far 
as are shown in the Microgeology, are not Diatoms, but either the siliceous Poly- 
cystineze, or the calcareous Polythalamia, or, finally, sponge spicules. 

I admit that Diatoms may have existed in the Chalk or earlier, and that, by 
a slow chemical change, they may have been destroyed, so that their form is lost, 
the siliceous material alone remaining, whether alone or in combination. We may 
even suppose that flint has been formed in part from the shells of Diatoms which 
_lived along with the Foraminifera or Polythalamia of that period. But these 
are mere conjectures, and till Diatoms are found in the older strata, it must re- 
main doubtful whether they existed previous to the Eocene period. 

The Chalk or Marl of Meudon, near Paris, and that of Caltanisetta, in Sicily, 
exhibit a mixture of microscopic forms, calcareous and siliceous, including Dia- 
toms. Here Diatomaceous shells, in contact with excess of calcareous matter, 
have remained unaltered; and if the Chalk of the true Cretaceous period had ori- 
ginally contained Diatoms, it seems probable that they would have been found as 
little altered as those of the newer beds just alluded to. 

On the whole, then, it is probable that the continued existence of all, or nearly 
all, the known fossil species of Diatoms is the result, first, of their comparatively 
late introduction, and secondly, of their small susceptibility to climatic changes, 
arising from their minute size and very simple structure. 

12. Navicula Bombus, Ehr. Pl. IX., fig. 12. Form much constricted in the 
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middle, the two halves broad and rounded, with subacute extremities. Median 
line broad; central nodule square, definite. Length about 0 0045; greatest 
breadth 0°0018". Striation coarse, strongly moniliform, not reaching the median 
line, but leaving a narrow blank space on each side of it. Stris about 18 in 
0001, much inclined near the apices. 

This form, which I had found frequent in the Glenshira sand, is also fre- 
quent in the new dredgings. It is regarded by many as a variety of V. didyma, 
and by others as a variety of NV. Crabro. I am disposed to consider it a distinct 
species, on account of its peculiar and very constant form, and also because it has 
a decided light-brown colour in balsam, under a low power, which N. didyma has 
not. It is much larger than M. didyma. As to M. Crabro, the moniliform structure 
in it is always obscure, and the form is also different. I cannot perceive that N. 
Bombus passes into either of these species by intermediate forms. But whatever 
be the ultimate decision on this point, I give it here. as the form called by Eunkx- 
BERG V. Bombus ; which, be it species or variety, is at all events conspicuous, and 
very constant in its characters. 

In my last paper on the Glenshira sand, I have figured several Navicule and 
Pinnularie of the panduriform group, and I have pointed out that this remark- 
able group requires thorough investigation. In order to contribute towards this 
end, I have figured the present form, as well as V. Musca, a new member of the 
same group; and I shall describe, farther on, another, namely a remarkable form 
of Pinnularia Pandura, Bréb. 3 

13. Navicula Lyra, Ehr. Pl. IX., fig. 13 and 13 5. Form oblong-elliptic, broad; 
often contracted to short produced extremities. Length from 0002 to 0-0045’ ; 
breadth 00007“ to 0.0018“. Median line fine, interrupted by a large indefinite no- 
dule, extending transversely. On each side of, and in contact with, the median 
line, is a linear, somewhat broad, striated band, and this is separated from the very 
broad, marginal, striated band by a narrow linear blank space. These linear blank 
spaces are, in each half, united by their base to the extremities of the nodular 
blank. They bend outwards from this point, then inwards, and finally again 
outwards at their extremities, thus forming, in the entire valve, two lyrate shapes 
united by their bases. Hence the name. The lyrate character is often much 
more decided than in the specimens figured. The extremities of these lyrate 
blanks generally reach the margin of the valve near its apices, but sometimes 
fall short of this, as in the figure. Strize about 22 or 24 in 0-001’, somewhat in- 
clined near the apices. 

This species, which occurs in the Glenshira sand, and is scattered turough all 
the dredgings here mentioned, has been described, though not as I have described 
it above, in the 2d volume of Professor Smiru’s Synopsis. Professor Smira seems 
to have seen only a variety, to be presently mentioned, which does not possess the 

lyrate character, and has therefore omitted that character. He refers to a figure 
VOL. XXI. PART IV. 6 Pp 


486 . a ‘PROFESSOR GREGORY ON 


in vol. i. (fig. 152 4% given as N. elliptica, which is not lyrate; but the name 
given by Enrenbere proves that he regarded the lyrate character as a principal 
one. I have therefore figured it, in order to show that it occurs in Britain as 
EHRENBERG described it. 

14. Navicula Lyra, Ehr., var. G, abrupta. Pl. IX., figs. 14 and 146. Form 
usually oval, more or less elongated ; sometimes linear in the middle, broad, with 
parallel sides, and obtusely acuminate at the extremities. I have hardly ever seen 
it with contracted and produced ends, as is so often observed in NV. Lyra. Size and 
striation as in V Lyra, but the blank spaces, which are linear, as in that species, 
instead of being recurved at the ends, or lyrate, bend inwards at the ends, so as 
to form two narrow ellipses meeting in the central nodule. These linear blanks 
in this variety stop abruptly at some distance from the terminal margin of 
the valve, which, in M Lyra, they often, though not always, reach. 

This form, which is frequent in the Glenshira sand, as well as in the dredg- 
ings, is that already referred to as having been figured in vol. i. of the Synopsis 
(fig. 152 4%, as V. elliptica, and since referred to as V. Lyra, in vol. ii. 

I figure it here, both that it may be compared with the M. Lyra of Exrensenc, 
and that it may be contrasted with V. spectabilis (fig. 10), which is supposed by 
some to be a form of V. Lyra. The form of the latter, and the fact that the 
blank spaces in it are not linear, but broad, and reach the margin, all which cha- 
racters are very constant; to which may be added the rich brown colour of N. 
spectabilis in balsam, under a low power, seem to me to be sufficient to distinguish 
it from M Lyra. The reader is requested to compare fig. 10 with figs. 13, 13, 
14, and 148. The latter forms are colourless in balsam. 

15. Navicula Smithii, var. G, fusca. Pl. IX., fig. 15. Form an elongated oval, 
broad, with rounded ends. Length from 0-003” to 0:0063”", and even more; 
greatest breadth from 0:0014" to 0:0028". Median line narrow at the terminal 
- nodules, which are a little within the apices; broad, and formed of three parts, 
all ending in expansions, on each side of the central nodule. Nodule large, broad, 
indefinite. Striation very coarse, and coarsely moniliform, not reaching the me- 
dian line, but leaving on each side of it a narrow blank line, terminating in the 
angles of the nodular blank. The whole spaces, taken together, form two very 
acute long triangles, base to base Strize about 10 in 0-001”. At about one-third 
of the distance from the median blank lines to the margin, the strise are traversed 
by a strong, dark line, which is often, as in the figure, nearly rhombic, but is 
generally curved, though very slightly. This line is caused by a ridge or eleva- 
tion of the valve, and is very conspicuous. Valve thick, and highly convex, of a 
strong brown colour, in balsam, under the 4 or 3 of an inch objectives. 

This form, which is very conspicuous, occurs, like the two preceding, both in 
the Glenshira sand and in the dredgings; and in that of Professor ALLMAN from 
Lamlash Bay and one from Loch Fine, it is frequent. I give it as a variety of N. 
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Smithii (olim M. elliptica Sm.), because I have always understood the typical V. 
Smithii to be a form which is very frequent in the Glenshira sand, and occurs also 
in the new materials. It is ofa short, broad, inelegant, oval shape, flat, colourless, — 
and much less coarsely striated. Neither does it exhibit the longitudinal ridge so 
distinctly. It may be, that the present form, V. fusca, is the typical one, and the 
other a variety of it; but in my experience I have only seen NM. fusca in the 
gatherings above named, while I observe V. Smithii in every marine gathering. 

16. Navicula Smithii, var. Y, nitescens. Pl. I., fig. 16. Form lanceolate, tend- 
ing to rhombic, with obtuse ends. Median line straight, nodule definite. Length 
from 0°002” to 0°0035"; breadth from 0:0009" to 0°0014". Striz about 16 in 
0001”, considerably inclined, obscurely moniliform, and of a shining aspect. 
They are traversed by a ridge, which is about half-way from the margin to the 
median line, and has an outline more rhombic than that of the valve. 

This form occurs both in Lamlash Bay and in Loch Fine, and is not at all 
rare in some of the dredgings. It is conspicuous, from its elegant form and shin- 
ing aspect. It is quite colourless under a low power. I have given it as a variety 
of M Smithii, from a desire to avoid unnecessary multiplication of species. But I 
am inclined to regard it as distinct from that species, from its peculiar form, its 
smaller size, the character of the nodule and median line, and its bright white 
aspect; all of which characters are very constant. 

17. Navicula Smithii, var. 3, suborbicularis. Pl. IX., fig. 17. Form a short, 
broad oval, or suborbicular. Length 0°002” to 00026“; breadth 0-0013" to 
00018". Median line bounded by white lines, curving inwards both to the apices 
and to the indefinite nodule. Striation conspicuous, much inclined. Strise 16 or 18 
in 0-001", moniliform. There is a ridge, as in the two preceding forms, traversing 
the strize, and when the striæ near the margin are in focus, those between the 
ridge and the median line are very faint. 

This form occurs in Lamlash Bay, and is also tolerably frequent in one Loch 
Fine gathering, in which the preceding form is not found. Its small size, nearly 
round form, and peculiar median line, with the slightly-marked ridge, compared 
to that in the two preceding forms, seem to point it out as distinct; especially as 
it is very constant in its characters. But, for the reasons already stated, I give 
it as a variety. It is at least a form to be noticed, and to be considered with the 
others with a view to a more accurate determination of species than has yet been 
possible, but which, in the progress of observation, we may hope to attain. 

18. Navicula maxima, Greg. Pl. IX., figs. 18, and 184. Form of S. V. linear, 
rather narrow, with obtuse ends. Length from 0002” to 0-008”; breadth of S. V. 
from 00-0025" to 0-00011"; of F. V. in the larger specimens, 0-0009” in the middle, 
000115“ at the ends. Strize fine, but distinct, about 52 in 0-091’, parallel, not 
quite reaching the median line, from which, at the centre, they retire, leaving a 
pretty large round space. F. V. rectangular but narrowest at the middle, and 
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slightly expanded at the ends, the angles being bevelled. From the opposite 
ends the margin inclines very slightly, but visibly, to the middle. Nodules very 
conspicuous on the F.V., in which the striation also extends, on each side, to 
rather more than }th of the width of the frustule, which arises from the convexity 
of the S.V. 

I first described this species in my first paper on the Glenshira sand, in which 
the figure was not characteristic. I figured it again in the second paper; giving, 
however, a shorter, broader, and constricted form as the type, and the present 

one as a variety. I have since found it frequent in all the dredgings, but espe. 
cially abundant in one from Loch Fine, and am now satisfied that the linear form 
is typical and the broad constricted form a variety. I give the peculiar and 
characteristic F. V. for the first time. The S. V. in fig. 18 ö, is that of a broad in- 
dividual of the linear type. It is generally narrower, and often even no more 
than half this width. The shortest specimens are often still narrower. The 
broad, incurved form, at first regarded as the type, is very scarce in the dredgings, 
compared to the linear form. 

This form has been supposed to be identical with N. firma, Kiitz, var. 8; but 
its marine habitat at once negatives this supposition ; and, besides, its aspect and 
colour are quite different. NV. firma is brown, while M mazima is of a pale straw- 
colour. The striation in NV. firma is coarser and more conspicuous; and, lastly, 
N. firma is broader, has acute extremities, and yields several marked varieties, 
such as EnrENBERO’s M. dilatata and M Amphigomphus ; while the only observable 
variety of N. maxima is the shorter, broader, incurved one, represented in fig. 2 
of my second paper on the Glenshira sand. 

19. Pinnularia (i) subtilis, n. sp. Pl. IX., fig. 19. Form linear rhombic, very 
narrow, with elongated apices. Length about 0 0035; greatest breadth about 
000025”. Nodule definite. Costz about 28 or 201 in 0°001"; transverse, slightly 
inclined towards the apices. 

This form occurs in Lamlash Bay. I do not feel quite sure about its genus. 
It may be a Navicula. The whole form is delicate and translucent, and it is far 
from conspicuous. 

20. Pinnularia rostellata,n. sp. Pl. IX., fig. 20. Form linear, broad, with 
acuminate ends, terminating in short, acute apiculi. Length from 0-002" to 
0:0027"; breadth about 0 0007“. Central nodule definite. Costz strong, subdis- 
tant, inclined near the ends, reaching the median line, about 14 in 0°001”. 

This pretty form occurs both in Lamlash Bay and in Loch Fine. It is not 
frequent, but I have been able to examine a considerable number of specimens, 
which are quite constant in their character. 

21. Pinnularia Allmaniana. Pl. IX., fig. 21. Form elliptic-lanceolate, broad, 
extremities subacute. Valve highly convex on one side, concave on the other. 
Length from 0°0016" to 0-0026”; breadth from 0-001” to 0:0014”. Coste appa- 


NEW FORMS OF MARINE DIATOMACEZ. 3 489 


rently marginal, strong, about 20 in 0-001", giving the appearance of a narrow 
marginal band of very strong costæ. Within this band, however, the valve, on 
close inspection, is found to be marked with similar but much fainter costæ 
nearly to the median line. The valve appears to be thicker near the margin than 
in the middle, and this perhaps is the reason why the costz are so strong and 
conspicuous there. | 

This form is frequent in Professor ALLMAN’s dredging from Lamlash Bay, and 
it occurs also in Loch Fine. I have named it after Professor ALLMAN, to whom I 
am indebted for this dredging, the richest of all those here described. 

22. Pinnularia Pandura= Navicula Pandura, Bréb., var. 8, elongata. Pl. IX., 
fig. 22. Form deeply constricted in the middle, with elongated sub-triangular 
ends, and obtuse apices. Length 00075 or more; greatest breadth 0002, breadth 
at constriction 00014". Median line sharply defined, broader at the centre than 
at the ends; nodule square, definite. On each sidé of the median line, and a 
little way from it, there is on each side a line or ridge, apparently formed of large 
granules, but probably only apparently so, from the sudden and sharp elevation 
of the ends of the cost. Cost, from this point to the margin, perfectly entire 
and glassy, like those of P. alpina. Valve thick, costze 10 or 11 in 0-001", some- 
what inclined near the apices. . 

This seems to be a variety of De Bresisson’s Navicula Pandura, which I have 
represented in the second paper on the Glenshira sand, in figs. 11, 12, and 12*. 
But as De Bresisson himself describes the costz as being entire, and represents 
them distinctly so in his figure of the species, I have changed the generic name to 
Pinnularia. I consider it as quite distinct from M. Crabro, Ehr., as described by 
Professor Surrn, in vol. ii., of the Synopsis; for the latter has obscurely monili- 
form strie, as is shown in Dr Grevite’s figure of it from Trinidad, in the Micro- 
scopical Journal for January 1857. 

The forms represented in figs. 11, 12, and 12* of my second paper on Glenshira 
(Mier. Trans. iv., pl. v.), and that here figured (fig. 22), are abundant in several 
of the dredgings; but of all the numerous examples I have examined, not one 
exhibits the slightest trace of moniliform structure; and I have had the satisfac- 
tion of having this observation confirmed by Dr GrEvILLE, who is acquainted with 
the form in which that structure exists obscurely. Unless, therefore, we are pre- 
pared to abolish the distinction between entire and moniliform striation, on which 
Professor Smit founds the distinction between his genera Navicula and Pinnu- 
laria, we cannot regard this form as a Navicula. 
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GROUP II. 
COCCONEIDES. 


The new forms belonging to this group are not numerous, but they are, in 
every case, interesting. In addition to one species, already figured, though im- 
perfectly, as occurring in the Glenshira sand, I have detected in the new materials 
six additional species, all of them beautiful and well-marked forms. These con- 
stitute a largeaddition to a genus, which, in Britain at least, has hitherto been a 
very small one. The species to be described are :-— 


23. Cocconeis distans, Greg. 27. Cocconeis pseudomarginata, n. sp. 
24. . ornata, n. sp. 28. major, n. sp. 

25. . dirupta, n. sp. G. 29. ... Splendida, n. sp. 

26. .. Mitida, u. sp. 


23. Cocconeis distans, Greg. Pl. IX., fig. 23. Form oval, broad; ends subacute. 
Length from 0°0014” to 0°0026"; breadth from 0-001" to 0°002”. Median line 
delicate. The valve is marked by distant lines, much inclined near the apices, 
not reaching the median line. These lines are about 10 in 0°001", and consist of 
white hyaline faint bars, on which are set small and distant granules. The 
number of granules is only 4 or 5 in the longest of these lines, so that the gra- 
nules are very distant. They are, as nearly as possible, of equal size, and from 
their distance, give to the valve a spotted rather than a striated aspect. In the 
figure, the granules appear larger than they really are; but this, as I have since 
‘ascertained, depends on the focus, and is an effect of shadow. By careful 
focussing, the real size of the granules is easily seen. The valve is hyaline; but 
it is always easy, by focussing, to see the faint bars on which the granules are set, 
a character which at once distinguishes this form from C. Scutellum, to which 
some are disposed to refer it. Another character, besides that of its having much 
fewer lines and much fewer granules than the coarsest varieties of C. Scutellum, 
is, that in C. distans the granules are of equal size, while in C. Scutellum they 
diminish in size as they approach the median line. In C. distans, if there be any 
difference, it is that the marginal granules are somewhat smaller than the others. 
I may here also allude to the fact, that while C. Scutellum is a most variable form, 
C. distans, so far as I have seen, exhibits only one variety, and that quite dif- 
ferent from any variety of C. Scutellum. This form, C. distans, var. 8, premorsa, 
is considerably larger than the type, having a length of 0:003" to 0°0038", and 
being a little narrower in proportion than the type. There is always, at one 
point of the margin, a notch or solution of continuity, as if a portion had been cut 
out, and then smoothed over. The only other difference is, that the granules 
are somewhat smaller, but the faint bars are exactly as in the type. | 

[ figured this species, both in my first and in my third paper on the Glenshira 
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sand. But in the former, a variety of C. Scutellum was figured by mistake: and 
the latter figure was imperfect, because I had not then seen the faint white bars. 
This species, along with C. costata, also figured in the third paper alluded to, is so 
frequent in Lamlash Bay, that I have had ample means of studying it, and am 
quite satisfied of its being a good species. I may say the same of C. costata, with 
the remark, that I cannot ascertain from EnReNbERG’s figures, whether his Au- 
phoneis fasciolata may not be the same form. Enrenpere’s form seems to be 
much larger, and the markings much coarser and more conspicuous. I must 
leave: this point undecided till I can compare the two forms. 

24. Cocconeis ornata,n. sp. Pl. IX., fig. 24. Form a pure and elegant oval. 
Length about 0°0022”; breadth about 0°0014". There is a broad marginal band, 
marked by strong distant cost, the ends of which are rounded. Within this 
band the surface appears concave to the median line, which is delicate, with a 
large, definite, central nodule. The middle part is marked by fainter costa, cor- 
responding to those on the marginal band, and, like them, so much inclined near the 
apices, as to be nearly vertical. There is a narrow blank line between the marginal 
and central costee, and the latter do not reach the median line, leaving a long lan- 
ceolate blank space in the middle. The whole valve has a rich ornate aspect. 

This beautiful species occurs in Lamlash Bay; and although scarce as yet, I 
have been able to examine a sufficient number of specimens to ascertain its cha- 
racters. I have also observed a few in Loch Fine. | 

25. Cocconeis dirupta, n. sp. Pl. IX., fig. 25. Form a broad, short oval, some- 
times all but orbicular. Length from 0°001" to 0°0024" ; breadth from 00007 to 
00021". Valve thick, and under the half-inch objective of a strong brown colour. 
Median line irregular, like a slit or tear down the middle of the external surface. 
The whole valve is marked, except the slit, with coarse, wavy, longitudinal striv ; 
but, when carefully focussed, fine transverse striz are seen over the whole surface 
to the median line. Under the half-inch, there is an appearance of a long stauros, 
which, under a higher power, disappears as such, and can only be seen as a trans- 
verse gleam of light from below. The striated surface seems to be an outer one, 
torn asunder in the middle, and from this I have named it. Vertical strize about 
26, transverse strize about 60 in 0-001". 

I had observed this form in the Glenshira sand, where, however, it was very 
scarce, and hardly ever entire, so that I postponed its investigation. It occurs 
very abundantly in Mr Mites’s Corallina gathering, and less frequently in several 
of the dredgings. There is but one known form which is in any degree allied to 
it. Thisis C. diaphana, Sm., which I find to occur along with it. After many 
comparisons, I am disposed to conclude, although these two forms are not the 
same thing, since C. dirupta is by no means diaphanous, while its striæ are con- 
_ Spicuous and its colour brown, the stri of C. diaphana being very obscure, and 
the valve colourless, that C. diaphana may perhaps be an imperfect form of 
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(’. dirupta, possibly the surface which lies under the one here figured, or possibly 
also the lower valve, which in Cocconeis is often different from the upper. It is, 
however, at least equally probable that these two forms belong to different species. 
In the Corallina gathering, C. .di7upta is infinitely more frequent than C. diaphana. 

26. Cocconeis nitida,n.sp. Pl. IX., fig. 26. Form a very broad oval, suddenly 
contracted, above and below, to very short, subacute, produced apices. Length 
from 0-001" to 0°0038"; breadth from 0-0008" to 00035". Valve very thick, 
aspect glassy. It is marked by lines of very large nitid granules, these lines 
forming, longitudinally, concentric strie, the two inner ones of which bend 
slightly outwards from the median line, leaving a narrow lanceolate blank space ; 
the others becoming more and more curved as they approach the margin. In large 
specimens, there are five such lines on each side, or from 3 to 4 in 0°001". But 
the granules also form transverse lines, much inclined near the apices, of which 
there are, in large specimens, 28 or 30 in the length of the valve, or from 6 to 8 
in 0001". The margin is marked by a series of finer stria. Median line obscure. 
In the middle of the valve, the transverse lines contain on each side five granules, 
corresponding to the five vertical lines. The granules are generally of equal size 
or nearly so, except a few near the apices, which are smaller. The whole form 
is very conspicuous, from its glassy aspect, and the size and brilliancy of the 
granules. 

This striking form occurs not unfrequently in Lamlash Bay, and sparingly in 
the Loch Fine dredgings. It is very uniform in its characters. 

27. Cocconeis pseudomarginata, n. sp. Pl. IX., fig. 27. Form a very broad 
elliptic, or elliptic-lanceolate. Length 0°0016" to 0°0033". Breadth 00011 to 
0003". Valve thin and transparent. Within the margin is a line or shade parallel 
to it; and within this, half-way from the margin to the centre, is a very strong line, 
forming a broad lanceolate figure. At first sight it seems as if the latter were the 
inner boundary of a marginal striated band; but on close inspection the striu, 
which are very fine, are seen to extend from the margin almost to the median 
line, where they leave a very narrow rhombic blank space, extending, in the 
median line, only to the inner of the two marginal lines. The third, or interior line, 
counting from the margin, is a very strong and raised ridge, the ends of which 
are almost in contact with the second line. Median line delicate, central nodule 
definite; terminal nodules placed within the ends of the third line. Stria very 
delicate, but sharp, about 62 in 0-001”, transverse in the middle, nearly vertical at 
the ends. The first or outer margin is formed of two lines very close to each other. 

This remarkable form occurs in Professor ALLMAN’s dredging froma Lamlash 
Bay, where it is rather scarce, and also in that of Mr Mixes from the same 
locality. It requires a very good glass to resolve the markings perfectly. 

28. Cocconeis major, n. sp. Pl. IX., fig. 28. Form a very broad oval. Length 
to 00015" to 00038"; breadth from 0-001" to 0:00315”. Median line distinct ; 
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central nodule indefinite. Terminal nodules considerably within the margin, 
small. The two parts of the median line terminate in the middle in small rounded 
expansions, but do not meet. Strize delicate, but sharp, transverse in the middle, 
and gradually more and more curved towards the apices, where they become nearly 
vertical. They are not so close together as in some forms in which they are 
equally delicate, and there are about 54 in 0001“. Valve thin, flat, nyaline. 

This remarkable form occurs in Professor ALLMAN’s Lamlash Bay dredging, 
where, however, it is rather scarce; also in that of Mr MILEs. 

29. Cocconeis splenaida, n. sp. Pl. IX., fig. 29. Form, a pure broad oval. 
Length about 0°0044'; breadth about 0°0039". Valve strong, and very richly 
marked with strize, which are highly inclined and curved near the apices. These 
strie are coarse, about 14 in 0°001", and are formed of granules, which gradually 
diminish in size towards the median line. The four or five outer granules of each 
of the striz are set as closely together as possible, while the rest are separate. This 
gives the appearance of a broad marginal band. There is a small, nearly square 
blank at the centre, which is no doubt the indefinite central nodule. The two 
halves of the median line are strong, somewhat bent at the terminal ends, where 
they form elongated expansions, lying just within the dense marginal band. The 
central ends terminate in small expansions, which lie at the upper and under 
edges of the central blank. | 

This beautiful form occurs in Lamlash Bay, but it is hitherto scarce. Nodoubt 
it will some day be found more abundantly. It is, with the two preceding forms, 
remarkable for the size it attains, being the largest Cocconeis yet described, while 
C. major and C. pseudomarginata are but little below it in this respect, and even 
C. nitida is unusually large for this genus. 


GROUP III. 
FILAMENTOUS Fokus. 


Of this class of ſorms, the number is considerable. It is worthy of remark. 
that most of them belong, so far as I am able to judge, to the genus Denticula, 
which hitherto has yielded only fresh-water specics. But there are six of which 
the genus is doubtful ; partly because the F.V. alone is as yet known, which is the 
case in four of them; partly because, if not Denticula, they cannot well be re- 
ferred to any of the genera in Smiru’s Synopsis. One remarkable species, the 
genus of which is still uncertain, I have been compelled to remove from Himan- 
tidium, in which genus Professor Surrn had provisionally arranged it. The forms 
of this group are 14; viz. :— 


30. Denticula (?) interrupta, n. sp. 34. Denticula nana, n. sp. 

31. * () capitata, n. sp. 35. minor, n. sp. 

32. 22 5 ornata, n. sp. 36. . distans, n. sp. 

33. 0 levis, n. sp. 37. ...  staurophora, n. sp. 
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38. Denticula fulva, n. sp. 41. Meridion (?) marinum, n. sp. 

39. . marina, n. sp. (or Gomphonema lineare 1). 

40. Diadesmis (7) Williamsoni= Himanti- 42. Pyxidicula (Dictyopyxis) cruciata, Ehr. 
dium Williamsoni, Sm. 43. Orthosira angulata, n. sp. 


30. Denticula (?) interrupta. Pl. X., fig. 30. Form of F. V. nearly rectangular, 
the middle part very slightly convex, and the ends a little expanded. There is 
an apparent interruption of the margin at the middle point on each side, and on 
each side of this opening is a round punctum. Length about 0°0015"; breadth 
about 0°0004". It occurs in chains of 2, and the two dots of each margin form a 
square with those of the margin of the adjacent frustule. The S.V. is not yet 
known, and the species is only provisionally referred to Denticula. 

This species occurs in Lamlash Bay, but is scarce. 

31. Denticula () capitata, n. sp. Pl. X., fig. 31. Form of F. V. generally rec- 
tangular, but with the middle part considerably convex, and the apices expanded 
and rounded. Length about 0°0018”; breadth about 0°0005". Occurs, like the 
last species, in chains of two. S. V. as yet unknown; and it is only doubtfully 
and provisionally referred to Denticula. 

This species occurs only in one of the Loch Fine dredgings, and it is as scarce 
as the preceding. 

3 32. Denticula () ornata, n. sp. Pl. X., fig. 32. Form of F. V. rectangular, but 
somewhat expanded in the middle, and also, after a slight contraction, at the 
apices, which are finally truncate. The margin, at the expansions, is beautifully 
moulded, having a moulding or notch on each side of the middle point.—Occurs in 
chains of two. Length 00015 to 0°0017"; breadth, in the middle, 0°0005". S. V. 
not yet known, so that the species is only provisionally referred to Denticula. 

This very pretty species occurs both in Lamlash Bay and in Loch Fine, and 
is much less scarce than the two preceding ones. Notwithstanding this, however, 
I have not been able to find the S. V. 

33. Denticula (?) levis, n. sp. Pl. X., Figs. 33, 336, and 33 c. Form of F. V. 
linear, rectangular, with a small sharp prominence in the middle of each margin, 
and the apices slightly, but sharply, expanded. Occurs in chains of two or three, 
and also solitary. Length from 0°0016” to 0:0027”; breadth 0°0006”. It is 
striated on each side to one-third of the width, indicating that the S. V. is convex. 
Striee delicate, but distinct under a high power, about 48 in 0-001”. The general 
aspect is smooth, and the striation is only seen on very careful adjustment. There 
are two terminal nodules visible on the F.V. at each end. which are joined by 
lines bounding the strie. The middle prominence of the margin of the F.V. 
seems to indicate a central nodule on the S. V., which view has not yet been ob- 
served. 

This species is by no means rare in Lamlash Bay, and it occurs also in Loch 
Fine; but I have hitherto been unable to detect the S.V. I have referred it pro- 
visionally to Denticula, but with many doubts. It is probable that if we had the 
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S. V. we might find it to be a Diadesmis, that is, a catenated species, having na- 
viculoid frustules. But I do not venture to name it on conjecture, and I only 
refer it, with the three preceding forms, to Denticula provisionally, in order that 
some name may be used in speaking of them. Indeed it is probable that the 
three preceding species may also prove to belong to Diadesmis. My present ob- 
ject is, not to determine their genus, for which I do not possess the necessary 
data, but only to point them out as well-marked species, for the researches of 
other naturalists. 

34. Denticula nana, n. sp. Pl. X., fig. 34. Form of the F. V., which occurs in 
chains of two, three, four, and occasionally more, rectangular, expanding a little 
in the middle, and also at the apices, which are truncate. Length from 0°0005” 

to 0001“; breadth, in the shorter examples, 0°0003” to 00004“, and less in the 

longer ones. Margin of F. V. faintly denticulate, from the ends of the strie. 
S. V. obtusely rhombic, broad, with a raphe in the median line. Strize rather due. 
inclined. 

This little form is tolerably frequent, both in Lamlash Bay and in Loch Fine. 
I think it is properly referred to Denticula, although it has some resemblance to 
some of the forms figured by foreign authors under the name of Zygoceros. 

35. Denticula Minor. n. sp. Pl. X., figs. 35, 356, 35 c, and 35d. Form of F. V., 
which occurs in chains of from two to seven or eight, on the whole rectangular; 
sometimes exactly so, more frequently with an.angular expansion at the apices, 
which become capitate and subtruncate, while the margin is convex in the middle. 
Length from 0°0005” to 0°002” ; breadth from 0°0002” to 0°0006”. Margins of 
F.V. strongly denticulate. S.V. rhombic or rhombic-lanceolate, very narrow, with 
srong marginal costa. Coste 18 or 20 in 0-001”. 

This form, which is very frequent in the Lamlash Bay dredgings, and also in 
one of those from Loch Fine, varies much both in size and shape, the F.V. being 
sometimes as short as the shortest D. nana, and very broad in proportion, bulging 
in the middle, and capitate, sometimes longer, rectangular, and broad; and most 
frequently longer, much narrower, and capitate. The S.V. is so narrow, that the 
frustule seldom lies on that side, so as to present it to the eye. It appears to 
belong distinctly to Denticula. 

36. Denticula distans, n. sp. Pl. X., figs 36 and 365. Form of F. V., which oc- 
_ curs in chains of from two to five or six, and also solitary, rectangular, rather broad; 
often convex on the sides, and with the ends a little expanded. Margin strongly 
. denticulate. Length 0°0017” to 0°0026”; breadth 0:0006” to 0:0008”. S. V. rhom- 
hic or rhombic-lanceolate, broad; marked with very strong, distant, sharp, and 
marginal cost. Terminal nodules large and conspicuous. No central nodule. 
Coste about 10 in 0°001”. Valve thick and glassy. , 

This fine species is tolerably frequent, both in Lamlash Bay and in Loch Fine. 
There is a considerable resemblance between this and the preceding species, so 
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that D. minor almost looks like a miniature of D. distans ; but on a close compa- 
rison, they are found to be totally distinct. D. distans often occurs shorter than 
the average length of D. minor, but it never loses its own characters, the strong, 
distant, glassy costze, and the broad S.V. But the two forms are evidently allied 
species, and both seem to be true Denticule. 

37. Denticula staurophora, n. sp. Pl. X., figs. 37, 376, and 37 c. Form of 
F. V., which occurs in chains of two, three, and sometimes more, rectangular, with 
coarse marginal strie, which in the middle on each side, are interrupted by a 
blank space, bounded by diverging lines. Length from 0-001” to 0°0038” ; breadth 
0005” to 0°0008”, the shorter examples being the broadest. S. V. lanceolate, rather 
narrow, marked with coarse moniliform striz, except in the middle, where there 
is a broad stauros, on each side of which is a line, curved and concave towards 
the extremities. Striz 14 to 16 in 0-001”. 

This striking form is not unfrequent either in Lamlash Bay or in Loch Fine. 
I have referred it to Denticula, but perhaps it ought to be referred to Diadesmis, 
or, if the stauros be considered an objection, to a new genus allied to Diadesmis 
as Stauroneis is to Navicula. But this point must be left for farther investi- 
gation. | 

38. Denticula fulra, n. sp. Pl. X., figs. 38 and 38 5. Form of F. V., which oc- 
curs in chains of two, three, and sometimes four, linear, rectangular, and slightly 
expanded at the apices, the margin marked with the ends of somewhat coarse 
strie. Length from 0°0018" to 0-004"; breadth 0°0005". S. V. linear, narrow, 
broadest in the middle, and gradually contracting to long, narrow extremities, 
which are ultimately subcapitate and rounded. Striæ moniliform, somewhat 
coarse, leaving a raphe in the middle, and the two terminal knobs unstriated. 
No central nodule in the S.V.; but the two nodules seen at each end of the F.V. 
appear to form the unstriated knobs at each end of the S.V. b 

This well-marked species occurs with the three last, and is even more fre- 
quent than they are. The genus cannot be considered as determined with cer- 
tainty. 

39. Denticula marina, n. sp. PI. X., figs. 39 and 39 b. Form of F. V. linear, 
rectangular, with the angles very slightly expanded, and the margin strongly 
denticulate. It occurs in chains of from 2 to 18 or 20, so that the filament 
seems to be tenacious. Length from 0-002", to 0-008" or 0· 009“; breadth from 
0003" to 00005. S. V. linear, expanded at the middle, and obtusely acuminate 
at the ends. Strise very coarse, and very coarsely moniliform, about 10 in 0-001’. 
On each side of the median line each of the stri is formed of only two granules, 
which are distant, and half of a third, which seems to be on the margin. The two 
or three central strive on each side, having only one and a half granules, the inner 
granule of each being absent, there is a blank space round the centre; and there 
is a smaller blank at each apex. The F.V. here figured is of about the usual 
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length, the S. V. is one of the longest. The whole form has a pale, whitish aspect 
on the S. V., and the single valves are hyaline. 

This very fine and conspicuous form is frequent in Lamlash Bay, and even 
abundant in one of the Loch Fine dredgings. It occurs scattered in all the dredg- 
ings without exception. It seems to be a true Denticula. 

40. Diadesmis (?) Williamsoni,n. sp. Pl. X., figs. 40 and 406. Form of F. V. 
rectangular, narrow, with three angular expansions, one in the middle, and one at 
each end; so that there are two long, narrow elliptical spaces between the adjacent 
frustules, which occur, as in the last species, in chains of from two to twenty, and 
upwards. Margin of F. V. strongly denticulate. Length from 00016“ to 0-008" ; 
breadth from 00004" to 0°0005". S. V. linear, narrow, straight, very slightly in- 
curved in the middle, and acuminate at the ends. Strize coarse, coarsely monili- 
form, but closely set, giving to the valve a black aspect; about 16 or 18 in 
0-001". Central and terminal nodules large, white, conspicuous. 

This remarkable and conspicuous form occurs with the last, and is even more 
abundant, especially in two of the Loch Fine dredgings. It is found in all the 
materials. The F. V. has been described and figured by Professor Surrn, as having 
occurred sparingly in a dredging made by Mr G. Barter, off the coast of Skye, 
and detected by Professor WILLIAMSON. It was referred by Professor Suirn, but 
doubtfully, from the absence of the S.V., to Himantidium. The S. V. is particularly 
frequent in one of my Loch Fine dredgings, and certainly cannot belong to Himan- 
tidium. The nearest genus is Diadesmis; but I do not feel at all sure that it is 
the true one. The conspicuous nodules agree with it; but the aspect of the species 
is unlike that of any known Diadesmis. I therefore give it as such with a doubt, 
and am satisfied with having, in the meantime, ascertained that it is not a Hi- 
mantidium. I would indicate one curious character, that the strie, on the F.V. 
seem to pass across the intervals between the adjacent frustules. This seems 
also to have been observed by Professor Smiru, as it is represented in his figures 
of the F.V,, which are accurate. I have also observed, that the shortest examples, 
which are sometimes so short as to be nearly square on the F.V. are not only 
broader on both views than the larger ones, but also devoid of the central expan- 
sion or undulation, seen on the F.V. In this state, they approach in form to the 
rectangular F.V. of D. distans, but are at once recognised by the closeness of the 
strize, as well as by their moniliform character. In one dredging I find many long 
filaments, especially of the shorter frustules ; while in another, treated precisely 
in the same way, the detached frustules, generally exhibiting the S.V., and much 
longer, are much more common than the chains. 

41. Meridion (?) marinum (or Gomphonema lineare (?)), n. sp. Pl. X., figs. 41 
and 416. Form of F. V., which occurs in chains of two, three, or four, both in 
entire apposition, or attached only by an angle at the broader end, cuneate and 
truncate at both ends, and narrow. It is marked with coarse marginal denticu- 
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lations. S. V. linear, narrow, broadest at a point above the middle, from which it 
becomes narrower both ways; the shorter half being rather broader than the other, 
and rounded at the apex. The longer and narrower half is also rounded, and 
very slightly expanded at the end. Strice coarse, not reaching the median line, 
but leaving a somewhat broad raphe in the middle. Strize about 16 in 0-001’; 
Length about 0°0015"; breadth of F. V., at larger end, 0°0004", at smaller end. 
0:0003". Breadth of S. V. 0°0002" at the broadest point. 

This form resembles both a Meridion and a Gomphonema. The absence of a 
central nodule prevents me from referring it to the latter genus; and with reference 
to the former, the mode of attachment, as well as the form of the frustules, agree 
pretty well with it. But I have not seen more than four attached; so that it is 
still doubtful whether it forms a spiral filament, as the slightly cuneate frustules 
must tend to do. It occurs, by no means sparingly, both in Lamlash Bay and in 
Loch Fine. Future observations on the living form will decide the question of 
its generic position, but in the meantime it is a well-marked species. 

42. Pyaxidicula cruciaia, Ehr. Pl. X., fig. 42. Form of V. cup-shaped, hemi- 
spherical, with hexagonal cells over the whole surface, and in one direction, a 
crest composed of square or irregular cells running round the hemisphere in a 
plane at right angles to that of the junction of the two valves. Cells large, and 
of uniform size. Diameter 0-0019". 

The form here figured is only a detached valve, the entire frustule not having 
yet occurred in these dredgings. But it agrees precisely with EnRENBERO’s figure 
of the valve. The specific name is given on account of the arrangement of some 
of the cells, as seen in a view obtained by looking down on the frustule, at right 
angles to the junction, in the form of a broad rectangular cross. This cannot be 
seen in the view here figured. The species is very scarce as yet, having occurred™ 
very sparingly in Lamlash Bay. But it is interesting, as being one of the forms 
which Enrensere has figured from the gina Clay Marl already mentioned at 
p. 482, and from the deposit of Richmond, Virginia. I have placed it in this 
group, because I have reason to think that Pyxidicula is a catenate form, 
though we cannot expect to see this in fossil deposits. I would here refer to 
the beautiful new form, detected by Professor WALKER Arnorr, and figured in 
the Appendix to this paper, which, in the frustules, is so closely allied to the 
present species, that it may prove to be actually P. appendiculate of EuREX ER. 
a form which occurs along with P. cruciata. Professor W. Arnort’s form is 
decidedly catenate. 

43. Orthosira angulata, n. sp. Pl. X., figs. 43 and 43 ö. Form of F. V., which 
occurs solitary, and in chains of from two to six, rectangular in the middle, acu- 
minate and truncate at the ends. On the margin, which is often slightly incurved, 
are seen denticulations arising from the cells of the disc or S.V. Length from 
00005 to 0°0015"; breadth of F. V. from 0-0003" to 0°00045". Diameter of disc. 


NEW FORMS OF MARINE DIATOMACEZ. 499 


00005" to 0°0015". Disc cellulate; cells largest in the centre, becoming regularly 
smaller towards the margin, arranged in quincunx, but, from the diminishing 
size of the cells, in curve lines. It often happens that the cells in the two inner 
thirds of the disc are conspicuously seen, inclosed within an equilateral triangle, 
formed by three slightly curved lines of cells, beyond which the cells and lines of 
cells are so small and hyaline, as to become obscure. Such discs are convex, and 
seen on the convex side. Others, especially the largest, are much flatter, and, 
when properly focussed, exhibit the whole cellular structure plainly. _. 

This species is very frequent, even abundant, in Professor ALLMAN’s dredging 
from Lamlash Bay; and it is found more or less frequently in all the others. 
Possibly the disc is identical with the Coscinodiscus minor of EnnkN ERG or 
Kirzine ; that of Professor Smiru being a fresh-water form. But the present 


species is unquestionably an Orthosira, notwithstanding the resemblance of the 
disc to Coscinodiscus. : 


GROUP IV. 


Discs, INCLUDING CAMPYLODISCI. 


The new forms belonging to this group are not, in the materials examined, 
very numerous, but they are very interesting, and most of them are very fine 
species. | 

44. Melosira or Coscinodiscus (?) n. sp. 50. Eupodiscus subtilis, Ralfs, n. sp. 


45. Coscinodiscus nitidus, n. sp., G. 51. Campylodiscus centralis, n. sp. 
46. bie punctulatus, n. sp., G. 52. ; Ralfsii (7) Sm. 
47. sii concavus, Ehr., G. 53. angularis, n. sp. 
48. 405 umbonatus, n. sp. 54. eae eximius, n. sp. 
49. be centralis, Ehr., G. 55. * limbatus, Bréb. 


44. Melosira or Coscinodiscus (?) (?),n. sp. Pl. X., fig. 44. Diameter 
of disc 0-003". It is marked by fine, sharp, radiate lines, which are very numer- 
ous. These lines are strongest near the margin, which has the form of a broad, 
thick, raised rim, within which the valve seems to sink and then to rise, the middle 
part being apparently somewhat convex. 

This disc occurs not very unfrequently in one of the Loch Fine dredgings, and 
more sparingly in one from Lamlash Bay. As no view of it is to be seen except 
the disc, or S. V., I have not been able to determine its genus, although the disc 
looks more like that of a filamentous form than a Coscinodiscus. 

45. Coscinodiscus nitidus, n. sp. Pl. X., fig. 45. Diameter of disc 0°0012" to 
00025". Margin entire, transversely striated. Strix of margin about 16 in 
0001", traceable to some small distance beyond the marginal band towards the 
centre. Surface of disc marked with distant and irregularly radiate lines of 
ather large, round, distant cells or granules. The rays are distinctly marked to- 
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wards the margin, but somewhat confused towards the centre. Puncta or granules 
larger towards the centre than at the margin. Aspect of valve glassy, puncta 
nitescent, very much as in Cocconeis nitida (fig. 26). 

This pretty disc was figured without a name, from an imperfect specimen, in 
my last paper on the Glenshira Sand (Trans. Mic. Soc., vol. v., pl. i., fig. 50). 
Having found it tolerably frequent in Lamlash Bay, I now figure a perfect exam- 
ple, which, provisionally, I refer to Coscinodiscus. | 

46. Coscinodiscus punctulatus, n. sp. Pl. X., fig. 46. Diameter of disc 0°003" 
to 00036". It is marked by very fine and obscure lines, which, near the margin, 
are traceable as rays, but which soon become fainter, and apparently wavy at the 
same time, as they proceed towards the centre. Over the whole surface are 
scattered, sparsely, small puncta, which, in a certain focus, appear as points of 
light. 

This disc was also figured, but not named, in my last paper on the Glenshira 
Sand (Trans. Mic. Soc., vol. v., pl. i., fig. 48); but the specimen here figured is 
a a better one, and shows more of the very obscure structure. It is impossible, in 

the present state of our knowledge of it, to refer it with certainty to any genus; 
but it may be a Coscinodiscus. It occurs in Lamlash Bay and in Loch Fine, but 
is not very frequent. It may possibly prove to be the end view, or the dissepi- 
ment, of a Melosira or an Orthosira. 

47. Coscinodiscus concarus, Ehr. Pl. X., fig. 47. Diameter of disc 0-0025' to 
00043". Margin entire, transversely striated. Striz about 10 in 0-001". Surface 
concave, covered with large, equal, hexagonal cells, arranged as in a honey- 
comb. 

This beautiful disc occurs rather sparingly both in Lamlash Bay and in Loch 
Fine. It agrees exactly with one of Enrensere's figures of C. concurus. But in my 
last paper on the Glenshira Sand, I have figured another disc (Trans. Mic. Soc., 
vol. v., pl. i., fig. 52), which differs from the present form in having a punctum 
in the centre of each cell, and in the margin being formed of very large cells, 
divided by strong bars, which appear to project from the plane of the valve, and 
which also extend beyond the outer margin. This disc I at first suspected to 
belong to some of the Polycystinez; but I afterwards found it figured by Enren- 
BERG as C. concavus. I confess that I cannot believe these two discs to be of one 
species ; but that represented in fig. 47 seems to be a true Coscinodiscus; and as 
it is identical with one of EunENnEnd's examples, we may consider it as the true 
C. concavus, leaving the other for farther investigation. (I have recently found, 
in some of the Clyde dredgings the other disc, just alluded to as having been 
figured in my paper on the Glenshira Sand, and as being also named by EnnkEx- 
BERG, C. concavus.) | | 

48. Coscinodiscus umbonatus, n. sp. Pl. X., fig. 48. Diameter of disc about 
00045". Surface densely cellulate, having a broad, nearly flat, marginal zone, 
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the central portion being almost or quite hemispherical. It is so convex, that, 
when the marginal zone is in focus, the middle part appears as if full ofair. Cells 
in lines, generally radiate, rather small, irregular in outline, and unequal in size to 
some extent. As the rays diverge from each other towards the margin, the space 
is often filled up by a bifurcation of the rays, which gives an aspect of irregularity 
to the markings. 

This fine disc occurs in one of the Lamlash Bay dredgings, in which, however, 
it is very scarce indeed. We must hope that it will be found in greater abun- 
dance. The broad marginal zone or brim, and the very convex middle part, give 
to it a great resemblance in shape to a “ wide awake” hat; but I have named it 
from its resemblance to a shield with a large boss in the centre. 

49. Coscinodiscus centralis, Ehr. Pl. XI., fig. 49. Diameter of disc 0-004 to 
009", or even 0°01". Surface regularly cellulate. Cells rather small, hexagonal, 
Aual, except at the centre, where there are three large oblong cells, meeting in 
a point; and between these, a little farther from the centre, three more cells. 
a little smaller. The valve is remarkably transparent, and from this, and the 
small size of the cells, it is apt to be overlooked, although, when accurately 
focussed, the cells are very distinct. It has frequently a yellow or straw colour, 
in balsam, under the }3-inch objective. 

This very beautiful disc is by no means rare in the Glenshira Sand; but ion 
I described that deposit, I was not well acquaifited with the discs figured by 
EuRENBERG, and supposed it to be a form of C. radiatus, or else C. concinnus. It 
agrees exactly with EnrENBERG's figure of C. centralis. It occurs not unfrequently, 
both in Lamlash Bay and in Loch Fine, and it reaches occasionally a diameter 
exceeding that above mentioned. 

50. Eupodiscus subtilis, n. sp. (Ralfs.) Pl. XI., fig. 50. Diameter of disc 
0033". Surface apparently convex, very hyaline, and very densely marked with 
fine lines, and indications of minute cells, of which the lines are probably com- 
posed. In the centre is a rather large circular spot, and the usual pseudo-nodule 
of the genus is placed close to the margin. 

This disc was first noticed by Mr Ra.rs in the early part of this winter 
(1856-57). He distributed specimens as probably Coscinodiscus concinnus ; but 
when Dr GreviLLE and myself came to examine it with object-glasses of high 
power and of superior quality, it was soon recognised as an Eupodiscus. This, 
so far as I know, was first done by Dr Grevitie. I had frequently observed a 
disc like it, with very delicate and obscure markings, in some of my dredgings ; 
but it was Dr GreviLLe also who first ascertained that these discs, which I had 
taken for granted were Coscinodiscus concinnus, were really identical with the 
disc of Mr Ratrs. As the form occurs in these dredgings, therefore, though less 
abundantly than in Mr Ratrs’ gathering, I figure it here as an Eupodiscus. 

51. Campylodiscus centralis, n. sp. Pl. XI., fig. 51. Form orbicular, or nearly so. 
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Surface marked with strong canaliculi, which are broad near the margin, narrower 
towards the centre, near which they terminate in a portion of the middle of the 
median line; in length about two-fifths of the diameter. At about one-third of the 
radius, or a little more, from the margin, is a strong shade, probably a ridge or 
elevation, of a nearly square outline, placed diagonally to the median line, which 
passes through two of its angles. Half-way from this ridge to the centre is a 
second ridge of a circular form, inclosing the elongated centre, from which the 
canaliculi arise. The radiating canaliculi are fainter within the square ridge, 
stronger outside of it; they diverge’ as they approach the margin, near which 
their ends are joined by semicircular loops, forming a scalloped inner margin, 
beyond which is an entire outer margin. Diameter about 0°0021". Canaliculi 
about 40 in a disc of that size. 

This species occurs very sparingly in one of the Loch Fine dredgings, and none 
of those I have seen are larger than the one figured. It is probable, however. 
that it may occur of greater dimensions, as the next species does. 

52. Campylodiscus Ralfsii, Sm. (?). Pl. XI., fig. 52. Diameter 0003" to 
0045". Form orbicular in many instances, but with all the modifications of the 
genus. From two points in the median line, near its extremities, arise two lines, 
diverging in the middle, so as to leave a long, narrow, vacant space, the width of 
which varies from 0°0003" to 0:0005", according to the size of the valve. To these 
lines the canaliculi reach. These canaliculi are narrow, very short near the ends 
of the median line, longest in the middle, where they reach a length of from 
00013" to 0°0017". Near the margin each expands into a small round head, and 
beyond the line of these heads, the margin is entire. Canaliculi in a dise such 
as is here figured, 64, curved as they approach the ends, having their concavity 
turned from the centre. The valve is much undulated. 

This fine and conspicuous form first occurred to me in the Glenshira Sand. 
where it is scarce. 1 afterwards found it, still scarce, in Professor ALLMAN’s Lam- 
lash Bay dredging; and still more recently, I found it frequent in three of the 
Loch Fine dredgings. I have referred it to C. Ralfsii, Sm., although it is 80 
much larger than the form figured by him, and although there are other differ- 
ences. Thus in C. /ta/fsii, Sm., the canaliculi reach the median line, and the row 
of heads or expansions lie some distance from the margin. But these differences 
cannot be regarded as specific. The smaller variety figured by Surrn occurs also 
in some of the dredgings and in the Glenshira Sand. But the larger form seems 
to be the typical one, and for that reason, chiefly, I have here figured it. 

53. Campylodiscus angularis, n. sp. Pl. XI., fig. 53. Valve orbicular, with the 
usual modifications. Diameter of disc from 0·0025˙ to 0-0039", the smaller sizes 
being the most frequent. The canaliculi from 160 to 180 in large examples, 
such as the one here figured. They are very short at the ends of the median line, 
and inclose a broad blank space, which, in the median line, occupies the whole 
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diameter, but in the middle, in a line at right angles to this, extends to less than 
half the diameter. Hence the canaliculi form a broad marginal band, except near 
the ends of the median line, where it is narrow; and the vacant space is ellip- 
tical, suddenly contracted at the ends to narrow processes, which traverse the 
band of canaliculi at its narrowest part to the very margin. At the roots of these 
processes, the canaliculi suddenly recede from the median line. They are much 
inclined at the extremities; and the longest are from 0°0008" to 0-015" in length. 
The true median line is visible, and is very delicate; but there are no other mark- 
ings visible on the vacant middle space. 

The surface of the valve, both above and below, that is, near both ends of the 
median line, is suddenly bent back, so as to form an angle with the rest of the 
valve. On the surface thus bent, short lines appear, apparently between the ca- 
naliculi, which lines terminate abruptly. The greater part of the valve, and espe- 
cially that part on which are the canaliculi, is convex, which causes the canali- 
culi to appear curved. 

This species is frequent in one of the Loch Fine dredgings, and occurs more 
sparingly in two others. I have named it from the angular bending back of the 
valve. 

54. Campylodiscus eximius, n. sp. Pl. XI., figs. 54 and 545. Form nearly or- 
bicular, and sometimes nearly square, with the usual modifications. I have seen 
one specimen spiral, like C. spiralis. Diameter of disc from 0-004’ to 0-007" or even 
0008". Canaliculi strong, very numerous, about 150 in average specimens; con- 
fined to a marginal band, the width of which is generally about 0-0007’ or 0-0008’. 
The middle space is pale and hyaline, and at first appears blank; but on close 
inspection is seen to be covered with pretty large, very transparent, round granules. 
which are not arranged in any order, but indiscriminately scattered, like the points 
in shagreen. The median line is marked by a raphe, the ends of which, as of the 
middle space, do not, as in the preceding species, traverse the band of canaliculi. 
There is, at each end, a small point of the middle space which indents the mar- 
ginal band, that being a very little narrower there than it is elsewhere. 

This very fine and conspicuous form is very frequent in one-Loch Fine dredg- 
ing, and less so in two others. At first I thought it might be identical with C. 

_ Hodgsonii, Sm., of which one example is figured as large as this form. But in 
his description, Professor Smrru describes the middle space as marked by strong 
radiate lines, formed of large granules; and although I have not seen any of C. 
_Hodgsonii of this large size, yet I find the small ones to agree exactly with this 
description. Now in C. eximius, not only is the valve in the middle not marked 
with strong radiate lines, but under a low power it appears at first sight blank: 
and the very transparent granules are in general quite irregularly disposed, and 
only in some instances show faint traces of a linear arrangement close to the 
marginal band. As far as I have been able to judge, I am satis ed that the small 
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C. Hodgsonii is not of the same species as C. eximius. And with regard to the 
large C. Hodgsonii of the Synopsis, not having seen it, I am unable to decide. 
But if it be, as the figure indicates, as strongly marked as the small one, it cannot 
be C. eximius. If, on the other hand, it should prove to be like C. eximius, then 
it is probable that it will be found to differ specifically from C. Hogdsonii. 

55. Campylodiscus limbatus, Bréb. Pl. XI., fig.55. Formorbicular. Diameter 
from 0°005” to 0·008“. Canaliculi marginal, short, broad, transversely sulcate, so 
as to appear, on close inspection, almost moniliform. Within this marginal band 
is another fainter band (the outer one being strong and black), which looks almost 
like the reflection in a mirror of the first, except that the bars in it are more de- 
cidedly moniliform, or formed of more distinct granules, which, near the median line, 
extend from both ends towards the centre, in a broad band, which becomes gra- 
dually narrower and fainter as it proceeds, and is lost on both sides before reach- 
ing the centre. In De Bresisson’s figure these projecting bands reach the centre, 
but I have not been able to trace them so far, and have only done so with diffi- 
culty, so far.as I have traced them. 

This very fine and striking form is not unfrequent in two of the Loch Fine 
dredgings. About four years ago, I observed a fragment of a large Campy- 
lodiscus in a marine gathering from Oban, which was not known to Professor 
SmiTH; but I did not describe it, having waited for an entire specimen, which I 
did not meet with till this last October, when it proved to have been a fragment 
of C. limbatus, which De Bresisson had shortly before figured as occurring at 
Cherbourg. 


GROUP V. 
AMPHIPRORA. 


Of the genus Amphiprora, the new species in these dredgings, though not 
very humerous, are very nn One form is very doubtfully referred to 
this genus. 


56. Amphiprore pusilla, n. sp. 60. Amphiprora obtusa, n. sp. 
57. 25 plicata, n. sp. 61. * maxima, n. sp., G. 
. elegans, Sm. 6. tia (?) complexa, n. sp., G. 
659. lepidoptera, n. sp., G. 


56. Amphiprora pusilla, n. sp. Pl. XII., figs. 56 and 56 ö. Form of the F. V. 
nearly rectangular, a little incurved in the middle, and expanded at the extremities. 
Above each valve lies a plate, in shape like a narrow arc of a very large circle, the 
convex edge outwards, the middle of it slightly overlapping the central constric- 
tion, while the ends coincide with the inner terminal angles of the valve. Length 
about 0°0027"; breadth, including plates, at the middle, 0°0008". S. V. lanceolate, 
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narrow, and, but for the absence of apiculi, a miniature of that of Apr. lepidop- 
tera. (See farther on, fig. 59 ö.) Both views, and also the plates, are marked with 
very fine transverse and parallel strie, which, however, on the F. V. do not ex- 
tend to the rectangular space between the valves. Stris about 60 in 0-001’. 

This pretty little species has occurred only in one of the Loch Fine dredgings, 
where it is rather scarce. It is remarkable for the occurrence of the lateral 
plates, which we shall find in several other species, and which perhaps ought to 
constitute a new genus. But the resemblance to Amphiprora is so great in other 
points, that I do not think it advisable to separate these species from that genus. 

57. Amphiprora plicata, n. sp. Pl. XII., fig. 57. F. V. deeply constricted, with 
rounded extremities, which are very broad. Inner margin of valves straight. 
On each valve lies a plate extending from the inner margin of the valve to the 
nodule; its outer or convex margin being a little incurved in the middle, and 
bent forward at the ends, to join the inner angles of the valve. The rectangular 
space joining the two valves is marked with faint vertical lines or folds; and the 
valves and lateral plates, as well as the rectangular space, are all marked by fine 
transverse strie, about 50 in 0°001". Length 00037“; breadth from nodule to 
nodule 0°00075", at broadest part 00016. Outer margin double. S,V. not yet 
certainly known. 

This species occurs with the preceding, and is equally scarce. It approaches 
nearest to Apr. alata, but differs from it in the folds of the middle space, and in 
the presence of the lateral plates. 

58. Amphiprora elegans, Sm. Pl. XII., figs. 58 and 58 ö. Form of S. V. linear- 
lanceolate, ends obtuse. Valve traversed by two longitudinal lines, and marked 
by fine but distinct transverse strie. Length from 00085 to 0°012’; breadth of 
S. V. about 0°0011". F. V. rectangular, with two longitudinal lines. Stri 44 in 
0001’, parallel. 

I have figured the S.V. of this fine form, first noticed by Mr BLEAKLEY, be- 
cause, although described in vol. ii. of the Synopsis, no figure of it has yet appeared. 
It occurs both in the Glenshira Sand, and in more than one of the dredgings ; but 
more frequently in one of those from Loch Fine than in any of the others. The 
valves are, in these deposits, generally detached, so that I have not met with the 
entire F. V. I am indebted to Mr Roper for an entire specimen, fig. 58 ö. 

59. Amphiprora lepidoptera, n. sp. Pl. XII., figs. 59, 596, and 59¢. Form of 
FY. linear, constricted in the middle, expanded at the apices, which are flatly 
rounded. Length from 0°0055" to 0°008"; breadth of F.V. in the middle 0-0009", 
near the ends 00015’. SV. lanceolate, with acute ends, terminating in small api- 
culi. Central nodule strongly marked; median lines somewhat curved, meeting 
in the nodule. Striation fine, parallel, about 48 in 0-001"; on the F.V. the strim 
are absent from the middle space. The form of vandhu F.V. with its long slender 
ale, is very elegant. 
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(Since this paper was read, I have ascertained that the peculiar plates above 
mentioned in Apr. pusilla, and in Apr. plicata, occur also in this species. I had 
overlooked them, from their being very narrow. They rise from the inner margin 
of the valves, as seen on the F.V., from two points a short distance from the ex- 
tremities. Their convex margin extends in the middle just beyond the constric- 
tion. They are so narrow as to be readily overlooked, but are quite distinct, 
and appear to be thicker at the outer or convex margin than at the inner or plane 
one. There is even some appearance of a second plate in each valve, rising from 
the same line, as that just mentioned, but apparently extending in a plane at 
right angles to the surface of the valve, so that, in the F.V., it is seen foreshortened. 
and appears as a dark line. But I am not yet satisfied about this second plate. 

The plates first named constitute a very peculiar feature, both in this species, 
and in the two previously described. We shall see the same structure still more 
developed in another species, a very remarkable one, namely, Apr. maxima.) 

The form represented in fig. 59 c, I am satisfied belongs to this species; but I 
do not quite understand its relations. It is of an elegant rhombic-lanceolate 
form, with two curve-lines on each side, which at the middle bend inwards, to 
join a strong stauros, interrupting the median line, and at the ends coalesce with 
the margin. The whole valve is marked with fine parallel striz, except the 
stauros. This form, as will be seen, differs considerably from the usual S. V., (fig. 
59 6), which latter often occurs with the longitudinal lines in it much more curved 
than in the example figured. Can the lateral lines in fig. 59 c be the outer mar- 
gins of the two plates, above described, or perhaps of those suspected to lie in a 
different plane ? 

This species first occurred to me in the Glenshira Sand, and I figured the S. V. 
as Apr. vitrea, 8? in my firct plate of that deposit (Mic. Jour., vol. iii., pl. iv., 
fig. 14, the larger of the two figures, which shows the curved lines above alluded 
to, with a third line to the side); and the F.V. in my third plate (Zrans. Mic. 
Soc., vol. v., pl. i., fig. 39). But the former had not the striae, and the latter was 
from a very inferior specimen, and, besides, did not show the peculiar plates. 


l have therefore figured both views here from good specimens, which are frequent 


in Mr Mixxs’s Corallina gathering from Corriegills, near Lamlash Bay. It is at 
once distinguished: from Apr. didyma by its much more elegant form, and by 
being twice as long. The S.V., also, is quite different. Iam informed by Dr 
GREVILLE that he finds this form abundantly, even predominating, in a dredging 
or gathering from nearly the same locality, which he made early last summer. 
60. Amphiprora obtusa, n. sp. Pl. XII., fig. 60. Form of F. V. linear, broad, 
with rounded ends, slightly incurved in the middle. The termination of the 
middle space projects a little beyond the general curve of the apices. The inner 
margin of the striated part of the valve is gently and gracefully curved, forming 
two concave lines towards the middle, which meet in a point of the inner margin 
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of the valve, in a narrow, elongated nodule, which is in line with the terminal 


nodules, also long and narrow. But close to the outer margin, at the constric- 
tion, is another large round nodule. The narrow portions, which lie between 
the curve-lines just mentioned and the inner margin of the valve, appear, like 
the middle space, to be unstriated; but perhaps this is because they lie in a 
different plane from the outer compartments. And even in the last, the striz are 
too fine to be resolved under a power of 400. 

This remarkable form occurs in one of the Loch Fine dredgings, where, how- 
ever, it is very scarce. I have not yet recognised with certainty the S.V., but 
there are some forms which may prove to belong to it. 

61. Amphiprora maxima, n. sp. Plate XII., figs. 61 and 61 U. Form of F. V. 
rectangular, very broad, but deeply constricted in the middle, and rounded on the 
ends. Length 0.0068“; greatest breadth 0°0028" to 050037, breadth of frustule at 
constriction 00017 . Central nodules large, situated close to the constriction in 
the outer margin. Terminal nodules on the inner margin of valves, conspicuous. 
Over each valve lies a strong, broad plate, arcuate outwards, straight on its inner 
margin, which coincides with that of the valve. Outer margin of plate prominent 
in the middle, and on each side of this prominence slightly incurved ; thick, over- 
lapping the valve at the constriction. Breadth from the margin of one plate at 
this point to that of the other 00023“. Valves and plates transversely striated. 
Striee distinct, parallel, about 36 in 0-001’, thicker and apparently coarser at the 
margin of the plate. S. V. lanceolate, ends acute, with a trace of a constriction just 
before the apices. Greatest breadth 0°00125". Two strong lines, as in Apr. lepi- 
doptera, proceed from the apices, on one side, and curve inwards to join a large 
nodule at one-third of the width. Round this nodule the striz are curved, as if 
pushed outwards. Between the nodule and the nearest margin the stri are very 
short, and they leave a large blank space, extending to the margin. Valve thick and 
very convex on the S.V. Query, Are the curve-lines on the S. V., the outer margin 


of the plates, seen on the F.V? From the convexity of the S.V. its striation is more 


conspicuous than that of the F.V. 
This, which is one of the finest and most interesting forms described in this 


paper, first attracted my attention in the Glenshira Sand. But I could only find 


there halves of the F.V; and I postponed the description of it. In Professor ALL- 
MAN'S Lamlash Bay dredging I again saw these halves occasionally; but it was 
not till I examined, in October last, the Loch Fine dredgings, that I found, in one 
of them, besides a number of the same halves, some entire frustules ; and finally, 
the S.V. which, from its comparative narrowness, is seldom presented; the frus- 
tule or detached valve lying on its broadest side. There is something very beauti- 
ful in the entire form; and in its structure it is peculiarly interesting, as present- 
ing the peculiar lateral plates, already noticed in Apr. pusilla, Apr. plicata, and 
Apr. lepidoptera, and that in a high degree of development. The occurrence of 
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these plates.in four species, all of which have the general aspect of Amphiprore, 
naturally leads to the inquiry, whether this remarkable structure may not be 
found in all the species of the genus, or whether the forms in which it occurs 
- ought not to form a new genus. I understand from Mr Roper, that he has found 
this species in a marine gathering from the coast of Wales, or of the south of 
England. 

62. Amphiprora (?) compleza, n. sp. Pl. XII. , figs. 62 ; 62, 5; 62, c; 62, d; and 
62, . Form elliptical, broad, with a constriction in the middle, and broadly rounded 
ends. The frustule is composed of two arcuate and constricted segments, which 
are broad, thick at the outer margin, thin at the inner margin, and placed oppo- 


site each other, with a narrow interval between them. Over the middle of these 


two lateral segments is placed a complex mass, formed of five or six segments, 

converging inwards and on the ends, like the segments of an orange or melon. 

The thick backs of these central segments, marked with transverse stria, are 

alone seen in the entire frustule, and those of the outer segments approach near 

to the outer margins of the lateral or flat lying segments, leaving only part of 

the surface of the latter exposed. A convex line joins the convergent ends of the 
central segments 

When the frustule, as often happens, falls asunder, a number of segments are 
found lying near each other. Some of these have no constriction, and no nodule; 
these I take to be the segments of the central mass. Those with nodules at the 
middle of their outer margin, at the constriction, seem to be the lateral seg- 
ments. 

Length of frustule 00035 to 0004“; breadth arcuate, broad ; 
some with a nodule and constriction on the thick convex or outer margin, others 
without. Surface of segments finely striated; strize about 45 in 0°01, delicate, 
radiating from the thin or inner margin, and curved near the ends of the segment. 
At the margin, there is a row of conspicuous puncta, about 1 for every 2 striz. 
The backs of the central segments, when in situ, are striated, but exhibit neither 
nodule nor puncta. 

It is with much doubt that I refer this very curious form to Amphiprora; 
which I should not do, were it not that the lateral plates in four species already 
described may be regarded as the rudiments of the complex central mass in 
this species. One of the three alluded to, Ap. plicata, has even longitudinal folds 
in the middle part. 

It is, however probable, that the remarkable structure of this species may 
render necessary the establishment of a new genus, a step which I do not venture 
to take without farther inquiry. 

This form, like the preceding one, first caught my eye in the Glenshira Sand, 
where I could find, however, only detached segments, and one half frustule. Not 
being able, from these, to understand the structure, and not, indeed, perceiving the 
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connection between the segments and the half frustule, which only showed the 
backs of the segments, I postponed it with other forms, all of which I have now 
been able to establish as species. I found the present species tolerably frequent 
in Mr Mites’s Corallina gathering, in which detached segments are much com- 
moner than the entire frustules. 

We shall see, farther on, that a similar structure prevails in a numerous sec- 
tion of Amphoree, a few of which were described in my last paper on the Glen- 
shira Sand. 


GROUP VI. 


AMPHORZ. 


The new forms of this genus in these materials are very numerous, since, 
in addition to almost all those (ten in number) which I had described in the 
Glenshira Sand, they have yielded about 32 additional undescribed species. And 
as I have again to describe and figure four of the Glenshira species, which are 
now better known, there are in all, 36 species of Amphorz to be described and 
figured. As the whole of the British species figured in the Synopsis of Professor 
Surrn amounted only to eight, it appears that the Glenshira Sand, and the Clyde 
and Loch Fine dredgings, or the latter alone, without the sand, have yielded a 
five-fold addition to the British forms of this genus. This may serve to show 
what stores of undescribed forms are yet to be found in our estuaries; for all 
these have been obtained from two localities, namely, Lamlash Bay and the 
upper part of Loch Fine, just below Inveraray. 

The remarkable group of complex Amphorz, to which I have lately directed 
attention, and of which the first known example was A. costata, Sm., though the 
peculiarity of its structure seems to have been overlooked, has now become so 
large (one-half of the species here described belonging to it) that it is necessary to 
subdivide the genus. I shall, therefore describe the Amphore in two sub-groups, 
viz., A. Simple, and B. Complex Amphoree. 

(Since this paper was read, I have ascertained that two of the Amphore in 
the following list of simple species, namely, A. monilifera, and A. spectabilis, be- 
long to the complex division. The latter is indeed one of the most curious of the 
complex Amphoree.) 


63. Amphora turgida, n. sp. 78. Amphora, = n. sp. . 
64. nana, n. sp, 74. ee vis, n. sp. 

665. macilenta, n. sp. 75. exigua, n. sp. 

66. angusta, n. sp. 76. dubia, n. sp. 

67. binodis, n. sp, 77. truncata, n. sp. 
668. vVentricosa, n. sp. 78. oblonga, n. sp. 
69. monilifera, n. sp., G 79. robusta, n. sp. 
70. luneata, n. sp. 80. apectabilis, n. sp. 
Erxgadensis, n. sp. 81. ... Proteus, n. sp. 

72 levissima, n. sp. 
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63. Amphora turgida, n. sp. Pl. XII., fig. 63. Form nearly orbicular, with 
short, square, produced apices. Detached valves, nearly semicircular, with the 
vertical margin straight and the extremities capitate. Nodule conspicuous. 
Length from 0°001" to 000°2’; breadth 0-008" to 0°0015’.. Valve marked with 
somewhat coarse radiate stri. Striz 24 in 0:001’. 

This little form occurs in Lamlash Bay, but it is more frequent in one of the 
Loch Fine dredgings, which, though stony and unpromising in aspect, is yet sin- 
gularly rich in undescribed species, and especially in Amphoree. The detached 
valves or halves of this species, which are like small and — convex Cymbella, 
are much more frequent than the entire frustule. 

64. Amphora nana, n. sp. Pl. XII., fig. 64. Form a narrow, linear-elliptic. 
Inner lines lying very near the ventral margin of valves, and nearly straight. 
Nodules small; near the ventral margin. Rectangular middle space very 
narrow. Length 0°001' to 0°0016'; breadth 0°0004" to 0°0005". Strize about 50 
in 0-001". 

This small species occurs with the last, and is tolerably frequent. 

65. Amphora macilenta, n. sp. Pl. XII., fig. 65. Form elliptic, long and narrow, 
contracting towards the ends, which are again slightly expanded, and terminate so 
that it has very short, square, produced ends. Valves very slender, arcuate on 
dorsal margin, straight on ventral. Middle space narrow, with a strong median 
line. Length 0-0018" to 0°0022"; breadth of entire frustule 00005“ to 0:00086". 
Strize parallel, rather coarse, about 30 in 0-001’. 

This species occurs with the two preceding, and is not at all unfrequent. 

66. Amphora angusta, n. sp. Pl. XII., fig. 66. Form nearly rectangular, or 
rather linear-elliptic, narrow, truncate at the ends, so as to form a slender and 
somewhat elegant barrel shape. The inner curve-lines arise in each half or 
valve from the outer angle, and meet in a nodule situated half-way across the 
valve. Both valves are transversely striated across, up to the narrow rectangu- 
lar space in the middle. Length 0:0015’; breadth of entire frustule 00004. 
Strize fine, about 44 in 0-001". | 

This species occurs with the preceding ones, chiefly in the Loch Fine dredg- 

ing above specified, where it is not very rare. 
| 67. Amphora binodis,n. sp. Pl. XII., fig. 67. Form linear, with rounded 
apices, and two expansions half-way between the middle and the ends, between 
which it is deeply constricted. Length from 0·00 175 to 0°002"; greatest breadth 
about 0:0005"; breadth of narrow parts 0.0003“. Rectangular middle space nar- 
row. The detached halves or valves, having the ventral margin straight, and two 
large rounded expansions, while the ends are linear, much resemble the frus- 
tules of Eunotia Camelus, as described by Professor Surrn in vol. ii. of his Sy- 
nopsis, and figured by Dr Grevinte in the Annals of Natural History; but the 
expansions are smaller and more rounded than in E. Camelus. The inner lines 
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run nearly parallel to the outer margin of the valve, but are less curved, and 
generally obscure. Strize transverse, obscure, about 30 in 0-001". 

This very curious little form occurs by no means unfrequently in Professor ALL- 
man’s dredging from Lamlash Bay, and more sparingly in the Loch Fine dredg- 
ing alluded to under A. turgida. The resemblance of the detached valves to Eu- 
notia Camelus has been mentioned. The entire frustule also resembles amini a- 
ture of A. angularis, Greg., figured by me in my first paper on the Glenshira Sand. 
(See Micr. Jour., vol. iii., pl. iv., fig. 6.) But besides the much smaller size of 
A. binodis, the expansions in A. angularis are more angular; indeed, the figure 
represents them less so than they are; and the striation of A. angularis is not 
only distinct, but very much coarser, so that the whole aspect of the two forms 
is different. 

68. Amphora ventricosa, n. sp. Pl. XII., fig. 68 and 684. Form linear-lan- 
ceolate, with obtuse apices, more or less expanded in the middle. Valves long, 
very slender, arcuate, with acute ends, marked with somewhat coarse transverse 
strie. Length from 0:0023" to 00035"; greatest breadth at the expansion in the 
middle 0-005" to 0°008". Inner lines generally obscure, but in some cases well 
seen. They arise from the inner angle of the valve, pass rapidly across, and, as 
shown in fig. 68 ö, sometimes extend beyond the outer margin; then suddenly 
bend inwards to meet the obscure nodule near the inner margin. Rectangular 
middle space narrow. Striz strong, about 22 in 0-001’ ; conspicuous. 

This pretty and interesting species occurs not unfrequently both in Professor 
ALLMAN’s dredging from Lamlash Bay, and in the Loch Fine one so often alluded 
to above. The detached valves resemble a very long and slender Cymbella, as 
may be seen in fig. 68, in which the form of the valve is plainly seen on each 
side of the frustule. By focussing, a transverse bar, or elongated nodule, may 
be seen in the middle of the valve; but it is obscured by the. striæ, when they 
are in focus. 3 | 

69. Amphora monilifera, n. sp. Pl. XII., fig. 60. Form elliptic, slightly re- 
curved at the apices, which form very short produced extremities. The recurved 
ends of the valves do not meet, and the space between them is filled up bya 
transverse curve-line. Valves arcuate, very convex on dorsal margin, with re- 
curved ends. Nodules on the ventral margin. Between the valves the frustule 
is marked by three to five longitudinal rows of distant round granules, giving 
to it a dotted aspect. If there be transverse strise, they are very obscure. Length 
from 0:0017’ to 0-:0026’; breadth from 0:0008" to 00011“ 

This pretty and well-marked species is tolerably frequent in the two dredg- 
ings mentioned under the last form, but chiefly in that from Lamlash Bay. It 
occurs also very sparingly in the Glenshira Sand, as may be seen by referring to 
my last plate (Trans. Mic. Soc., vol. v., pl. i., fig. 53). I had figured, from that 
deposit, an imperfect specimen, which at first I took for an Amphora, but subse- 
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quently supposed to be possibly not Diatomaceous. The Lamlash Bay dredging 
soon cleared up this point, and established it as a distinct species of Amphora. 

(Since the preceding description was written, I have ascertained that this 
species belongs to the complex group. Like the other complex species, it is formed 
of a number of Cymbelloid segments, arranged like the segments of a melon, as 
will be more particularly described farther on, in some of the other species. The 
convergent longitudinal lines of dots prove to be the dotted backs of the central 
segments. I have not been able to find a detached segment, the frustule being 
usually entire, so that I cannot give a figure of the segment. I can see, however, 
that it has the form of a Cymbella.) 

70. Amphora lineata, n. sp. Pl. XII., fig. 70. Form elliptic or elliptic-lanceo- 
late, with short, produced apices, which are truncate. The valves are slender, 
arcuate on the dorsal, straight on the ventral margin. The nodules lie in the 
middle point of two strong lines, slightly curved, within the ventral margin. 
Outside of the nodule is another curve-line, dividing the valve longitudi- 
nally into two parts, the outer one being the broader. This outer portion is 
marked by fine longitudinal lines, of which there are generally four in each 
valve. The rectangular middle space is narrow, and has a sharp line down 
the middle. This line, with the inner margins of the valves, the slightly curved 
line with the nodule, the line beyond it, and the four exterior lines, give to the 
whole a lineate aspect, which is very characteristic. In certain views, the frus- 
tule appears lineate uniformly from one side to the other. Length from 0˙0022 
to 0°003"; breadth of frustule 00007“ to 0-008". The whole frustule is marked 
with transverse parallel strize, which are fine, about 42 in 0001", and obscure, 
except at the margins, where they may generally be distinctly seen. As the lon- 
gitudinal lines, however, are much more conspicuous, it is they which charac- 

terize the species. | 

This species is not unfrequent in the dredgings so often mentioned, and occurs 
also in the Glenshira Sand. In my last paper on that deposit, I described and 
figured it (Trans. Mic. Soc., vol. v., pl. i., fig. 33). But by some mistake of 
mine, the form there figured was either not a characteristic specimen, or, more 
probably, a form of A. salina. I have therefore described it anew, and given, in 
tig. 70, an accurate representation of a very frequent size and shape of this 
species. 

71. Amphora Ergadensis,* n. sp. Pl. XII., fig. 71. Form elliptic-lanceolate, 
narrow, with truncate apices, which are very slightly expanded. Valves in ap- 
position, or nearly so, long, slender; the inner lines, on which lie the conspicuous 
central nodules, forming one gentle curve from one end of each valve to the other. 
Length about 0°0035"; breadth in the middle 0:00075". The valves are marked 


by strong and conspicuous transverse striæ, about 24 in 0-001’. 


* From Ergadia, Argyll. 
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This form, like most of the preceding Amphor:e, occurs both in Lamlash Bay 


and in Loch Fine; but it is not so frequent as most of the others. It is conspi- 


cuous from its length. 

72. Amphora levissima, n. sp. Pl. XII., fig. 72. Form elliptic, rather nar- 
row, ends subtruncate. Aspect remarkably hyaline. Length 00025 to 00037; 
breadth 0°0009". The inner lines in each valve rise from the inner angles, bend 
suddenly outwards for a short distance, then gently inward to the nodule, leaving 
a very narrow inner compartment at each end. The middle of each valve is tra- 
versed by a strong bar or elongated nodule. The valves are transversely striated, 
but the strize are so fine, and the valves so hyaline, that the striation has not 
yet been perfectly resolved. 

This delicate species is not very rare in the Loch Fine dredging noticed under 
A. turgida as rich in Amphoree. But the detached valves are much more fre- 
quent than the entire form. These detached valves have a resemblance in form 
to the valve of A. elegans, figured in my last paper on the Glenshira Sand 
(Trans. Mic. Soc., vol. v., pl. i., fig. 30). But A. elegans is a considerably larger 
form, and not particularly hyaline; while its strie are much less fine, and thus 
easily seen. 

73. Amphora pellucida, n. sp. Pl. XII., figs. 73 and 73 b. Form a broad oval. 
Length from 0-002" to 0°003"; breadth from 0°0012° to 00018“. Valves arcuate, 
very convex on the dorsal, slightly concave on the ventral surface. There is 
something very peculiar in the aspect of the terminal parts of the inner margins 
of the valves, as these coincide with the terminal nodules, which, from the 
delicacy and transparency of every other part of the inner margin of the valve, 
appear to project like horns, as the nodules not only coincide with the ends of the 
inner margin, but are narrow and much elongated. The inner lines follow the 
margin for a little, then bend rapidly outwards, and then as rapidly inwards to 
the central nodule on the ventral margin. The ventral margin, except at the 
nodules, is so hyaline as to be seen only on close inspection, as are also the spaces 
lying between it and the inner curve-lines. The space outside of these latter 
curve-lines is striated, the striz rather coarse; but the whole is so hyaline, that 


the strie are only seen on very close inspection, when they come out plainly. . 


They are somewhat inclined, thicker and more easily seen at the outer margin, 
very delicate and nearly invisible towards the inner one, and about 30 in 0-001’. 
There is a narrow, rectangular space between the two valves. Sometimes the 
form of the frustule becomes nearly rectangular, but all its other characters 
continue as before. 

The form of the valves, as well as of the entire frustule, in this species, is some- 
what similar to that of A. ovalis. But, not to dwell on the marine habitat of A. 
pellucida, its very hyaline aspect, and the singular delicacy of the strize, which are 
entire, and, towards the nodule, become so fine as to be hardly visible, effectually 
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distinguish it from that species, in which the striz are conspicuous and moni- 
liform. 

This species is not unfrequent in the Loch Fine dredging mentioned under 4. 
turgida. It has some resemblance, in the form of the valves, to A. incurra, Greg. 
figured in my first paper on the Glenshira Sand (See Mic. Jour., vol. iii., pl. iv. 
fig. 5). But in A. incurva the striation is conspicuous, not hyaline, and the form 
of the valve is more elongated, and less projecting at the extremities. I am not 
yet acquainted with the entire frustule of A. incurvra. 

74. Amphora levis,n.sp. Pl. XII., figs. 74, 74 b, and 74 c. Form of frustule 
rectangular, slightly incurved in the middle, sometimes with the ends roun led. 
but more commonly with nearly square ends. Length from 00017“ to 0-003": 
breadth from 00007 to 00012. Aspect very hyaline. In each valve the inner 
curve line, rising from the inner angle of the valve, and following the margin out- 
wards, bends inwards again in a long graceful curve to the central nodule placed 
just within the ventral margin. The nodule extends asa strong bar across the 
middle of the valve. The outer compartments are transversely striated, but the 
strim are very fine, about 60 in 0:001", very hyaline, and hardly to be seen with a 
power of 400. 2 

I have added, in fig. 74 d, the figure of a fine Amphora, which probably be- 
longs to this species. It is remarkable for the fact, that the curve line coincides 
with the outer margin till very near the middle, where it bends inwards to the 
nodule. There are also four longitudinal lines at considerable and equal distances. 
In this specimen, I have not seen the striz as in the others; but believing it to 
be of the same species, I give the figure under the head A. /evis. 

This species occurs with the last, and is more frequent, though by no means 
- abundant. It frequently happens, as in one of the figures, that the valves are in 
apposition ; and as this occurs in long examples, these become proportionally 
narrow. 

75. Amphora exigua,n. sp. Pl. XIII., fig. 75. Form linear-elliptic, narrow, 
with somewhat obtuse ends. Length from 0:0015" to 0°0022"; greatest breadth 
about 000035“. The valves are transversely striated, the strie being strongest 
at the margin. Striz about 28 in 0-001’. 

This little form occurs, scattered, both in Lamlash Bay and Loch Fine. In 
size and form it approaches nearest to A. lineata (Pl. XII. fig. 70); but its mark- 
ings are totally different. It has no striking characters, but I cannot refer it to 
the same species with any of the small Amphorea I have here described. 

76. Amphora dubia, n. sp. Pl. XIII., fig. 76. Form of entire frustule oval. 
flattened, or even a little incurved, on the sides. The valves are concave in tlie 
middle of the ventral margin; so that as they are in apposition, there is a longish 
rhombic opening in the middle, between them. They also diverge a little at the 
apices. Within each valve is a faint line, nearly parallel to the outer margin. 
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but lying nearer to the inner margin. On these lines are faint nodules, while at 
the middle of the inner margin there are distinct nodules. Length 0°0025" 
breadth 0°0011". The whole is marked by transverse strie, which also traverse 
the openings between the valves, in which openings a median line is also visible. 
Strive fine, subdistant, about 24 in 0-001". The divergent extremities are joined 
by a convex curve line. 

This very peculiar species occurs, but very sparingly, in Lamlash Bay. It has 
some analogy with A. marina, a form lately figured by Professor Ssuru, in the 
Annals of Natural History (January 1857, vol. xix., pl. i., fig. 2.) But besides 
the coarser striation and distinct nodules of A. dubia, Professor Surrn describes A. 
marina as so much resembling A. inis, that it has been confounded with that 
species on our coasts. Now A. dubia has no resemblance whatever to A. inis. 
nor indeed to any other known species ; so that I have some doubts as to its being 
really an Amphora. The figures of A. marina given by Professor Smiru are not 
satisfactory, for they do not at all resemble A. inis. 

77. Amphora truncata, n. sp. Pl. XIII., fig. 77. Form of frustule slightly barrel- 
shaped, broad, with truncate ends. Length about 0:0028"; breadth about 0-0017’. 
Valves arcuate on dorsal, straight on ventral margin. Inner curve lines arise 
from the terminal margin, and bend gently inwards to a small nodule, rather 
nearer the inner than the outer margins. Inner margin of valve marked by a lon- 
gitndinal line of short transverse striz. In the rectangular space between the two 
valves, which is broad, are two similar longitudinal lines of short striz, near to, 
and parallel to those just mentioned, and between the two last-named lines or 
bars are traces of others. Valves transversely striated, but the striz are more 
conspicuous on a band at the outer margin, than elsewhere. So that the frustule 
appears, at least in a certain focus, marked with longitudinal striated bands, 
formed of short strive. | 

This species is not very rare, in either of the two gatherings so often named 
in connection with Amphorz. It frequently happens, that the line joining the 
ends of the valves appears to be interrupted in the middle. But by careful focus- 
sing it may be seen. 

The appearance of longitudinal striated bands on the middle part of the frus- 
tule seems to indicate a tendency in this species to the complex structure. In- 
deed, among the complex species there is one, A. n. which has consider- 
able analogy with the present form. 

78. Amphora oblonga, n. sp. Pl. XIII., figs. 78, and 78 b. Form linear elliptic, 
rather broad, the ends obtusely acuminate. Length from 0-0034" to 0-004’: 
breadth from 0-001" to 00014“. The inner curve lines are strong and much 
curved, but they keep unusually near the outer margin of the valve, only in the 
middle projecting rather more than half way across. The central nodules, which 
are conspicuous, are situated outside of the curve lines, and nearer to the outer 


| 
| 
| 
| 
| 


516 PROFESSOR GREGORY ON 


margin. Valves transversely striated. Striæ about 24 in 0-001’, conspicuous. 
The portion of the valve outside of the curve line seems to be in a plane different 
from that of the inner portions, and the stri on the latter are radiate. 

This well-marked and conspicuons species, remarkable for the position of the 
central nodules, is by no means rare in one of the Loch Fine dredgings, in which, 
except this form, Campylodiscus anguluris, and C. Ralfsii, but few forms are found. 
It occurs more sparingly in some of the other dredgings. 

79. Amphora robusta, n. sp. Pl. XIII., figs. 79, 79 b, and 79 c. Form of frustule 
a broad oval with subtruncaté extremities. Length from 000337 to 0-0048", occa- 
sionally even as much as 0°006. Breadth from 0500187 to 00024. Valves arcuate, 
with the ends more or less obtuse; ventral margin straight or slightly concave. 
Inner curve lines very sharp and strong, rise from the inner angles, pass outwards, 
without reaching the outer margin, and bend suddenly inwards to the central 
nodules, which are within the ventral margin, by one-fifth of the width of the valve. 
In some specimens, or perhaps in a certain focus, the points where the two curve 
lines meet in the middle is on the inner side of a straight line, apparently forming 
the inner margin of the valve, so that a small blank triangular space is included 
between that straight line and the ends of the two curve lines. This produces a 
very peculiar aspect. Frustule thick, marked with strong striæ, which on the 
compartments outside the curve lines are transverse, but on the inner terminal 
compartments are somewhat radiate. Strize subdistant, moniliform, about 16 in 
(001. Figs. 79 ö, and 79 c, represent two valves, in one of which the curve lines 
are seen, while it is evident that the inner compartments are in a different plane 
from the outer one. The other shows the entire valve viewed in a different focus, 
in which the strie appear all in one plane. | 

This fine form, conspicrous for its size and the stoutness of its aspect, is not 
rare in the Loch Fine dredging mentioned under A. turgida, and occurs also in 
Lamlash Bay. 

80. Amphora spectabilis, n. sp. Pl. XIII., figs. 80, 80 6, and 80 e. Form nearly 
rectangular, broad, with rounded angles; occasionally sub-elliptic. Length from 
003" to 0°0047" ; breadth from 0-002" to 0:0025". The inner curve lines bend in- 
wards from the outer margin very nearly to the inner margin of the valve, divid- 
ing the valve into a middle outer compartment, and two terminal inner ones. The 
detached valve has prominent obtuse rostra or beaks, not seen in the entire form. 
Outer compartment transversely striated, the striation being very coarse; inner 
compartments marked with radiate strive, which are much finer. Aspect of the 
whole form soft and indistinct, so that in general only the marginal ends of the 
stria in the outer compartments are easily seen, these strize being thicker at that 
end, and the frustule very convex. Even at the margin they are not sharp but 
softened. Strize in the outer compartment 14 to 16 in 0-001": in the inner ones, 
26 in 0°001", and very obscure. As in the last species, and indeed in many Am- 
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phore, the inner compartments seem to be in a different plane from the outer 
ones. This species exhibits two frequent varieties, both smaller than the typical 
form, which are figured (figs. 80 ö, and 80 c). One is long and narrow, its length 
being 0°0032’, its breadth hardly 00008“. The other is short and broad; its length 

being 0°002", and its breadth 0°001". Both have the soft, hazy, indistinct aspect 
ol the larger form, and both, when carefully examined, exhibit the same characters, 
except that the striation is perhaps somewhat finer. 

(Since the above was written, I have found that this species not only belongs 
to the complex group, but is one of the most interesting forms in that group. As 
will be seen in the descriptions of various complex Amphore, the complex struc- 
ture is only seen in one focus, while in another, the frustule exhibits the charac- 
ters of a simple Amphora. This is peculiarly the case in A. spectabilis. The 
simple view, shown in fig. 80, is so thoroughly simple, that it never occurred to 
me that it could possibly conceal a second and more complex structure. But 
when I happened to examine, under a rather high power, and with oblique 
light, a frustule well placed for bringing out this structure, I detected the appear- 
ance shown in fig. 20d. In this case, the coarse transverse striee of the middle 


part, as seen in fig. 80, were still traceable, at the margin only, on one side, de- 


cause the frustule did not lie quite flat. In other examples, no such traces are 
visible on the complex view, although in general the very strong and elongated 
central nodules shine through. In fig. 80d, it will be seen that the whole frus- 
tule is composed of parallel, longitudinal, very slightly convergent bars, with a 
narrow sulcus between each two bars. These bars are transversely striated, and 
the strie, though much finer than even those of the inner and terminal com- 
partments of the valves, are yet quite distinctly seen, even more so than the 
others, being apparently free from the haziness above alluded to. Strie of the 
bars, in this view, about 50 in 0°001’. | 

In this remarkable form we have the unusual occurrence of three distinct sys- 
tems of striation; Ist, The coarse, soft, and hazy transverse strize of the outer and 
middle compartments of each valve, on the simple view, fig. 80; 2dly, On the same 
view, the finer and radiate strize of the two terminal inner compartments of each 
valve, which lie in a plane inclined to that of the middle compartments ; and, 3d/y, 
The still finer and parallel strise crossing the longitudinal bands, in the complex 
view, fig. 80 d, which lie again in a different plane. The frustule is also remarkable 
for its convexity, which is probably the cause, or one chief cause, of the indis- 
tinctness of the markings on the simple view.) 

This beautiful species is tolerably frequent in Professor ALLMAN’s dredging 
from Lamlash Bay, and in one from Loch Fine, less so in the other dredgings. 
The short variety is even more frequent than the typical form. The species 
has some resemblance to the preceding one in general form and coarseness of 


striation. But it is at once recognised by its hazy indistinct aspect, by the finer 
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striation on the inner compartments, by the beaked form of the detached valves, 
and finally, by its varieties. (Its complex structure, and its three systems of 
strite, are even more decisive characters.) 7 

81. Amphora Proteus, n. sp., Pl. XIII., figs. 81, 815; 81 c; 81d; and 81 5. 
Form very variable, obtuse lanceolate, elliptical, barrel-shaped, broad and trun- 
cate, long and narrow, &c. It has usually the rectangular space between the valves, 
but sometimes the valves are in apposition, and then resemble twin frustules of 
Cumbella. Some of these modifications are figured. The size also varies prodigiously. 
Length from 00015" to 0-006"; breadth from 0°0013 to 00024“. The broadest ex. 
amples are generally short. Valves acute, sometimes with arcuate, at other times 
with obtuse apices. Inner curve lines and nodules strongly marked, and inner 
compartments of the valve in a different plane from the outer ones. There are two 
peculiarities which are found in all specimens, from the smallest to the largest. When 
the outer compartment is in focus, and its strize conspicuous, the strive of the inner 
compartments appear in narrow lines or bars, separated by white longitudinal 
lines or raphes; and the transverse strie, which are finely moniliform, are, espe- 
cially, in a certain focus, traversed by longitudinal wavy lines or striz, produced 
by the circumstance that the granules of contiguous transverse striz are not 
placed exactly opposite each other. In figs. 81 and 81 U, the same specimen, a 
long one, is shown as it is seen in two different foci, one of which brings out the 
curve lines and nodules, the other the transverse strize, which extend across the 
whole valve. These striz are about 22 in 0001; but in regard to the number of 
striz there are very great variations in this species, as | have shown, in former 
papers, to occur in other species. In some of the smaller specimens the striz are 
at least twice as numerous as in some of the larger, and even in the specimens of 
equal size they differ in this respect. But in all, the strize exhibit the characters 
I have mentioned as peculiar and characteristic. | 

(I must here state, however, that there are some forms which, for the present, 
I include under A. Proteus, respecting which I have great doubts whether they 
ought not to form a distinct species. These forms have many characters in com- 
mon with A: robusta, but have uniformly a much finer striation, and consequently 
a very different aspect.) 

This species is very frequent in Lamlash Bay, and also in some of the Loch 
Fine dredgings. At first I was quite at a loss with the multitude of forms agree- 
ing in striation, but when I had observed the characters above mentioned, I was 
able to trace all these forms into one another by gradual transition. Those here 
figured are some of them very different; but intermediate forms occur. One of 
the figures represents two valves in apposition, which I suspect to belong to this 
species (fig 80, e); but I am not quite certain about that one. 

I may here direct attention to the fact, that such a form as that shown in fig. 
81 e, resembles closely a twin frustule of a Cymbella or Cocconema. Yet it is con- 
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sidered as only a single frustule, while the Cymbella or Cocconema would be called 
a double one. 

I confess I feel disposed to consider both in the same light, as double forms. 
If that be correct, then what is usually called the valve of an Amphora will be 
an entire frustule, and what is usually called the entire frustule (as in figs. 63 to 
72, for example) will be considered as two frustules in the act of self-division, but 
still united by the connecting membrane. 

One reason why I incline to this view is, that what, on this principle, are to 
be called single frustules, which are now regarded as halves or single valves, are 
often much more frequent than the entire, or, as I should say, double frustules. 
We never see the halves of Naviculz separated in this way. Secondly, Each single 
valve, or as I should say frustule, has three nodules; but the entire or double 
frustules have six. Zhirdly, In Amphore, the two halves of the double or entire 
frustule are almost always separated by a rectangular space, apparently-homo- 
logous with the connecting membrane, which is seen in other genera when in a 
state of self-division. When this is absent, as in fig. 81 e, or in fig. 76, the form 
has exactly the appearance of a twin frustule of Cymbella. Lastly, If we regard 
the so-called valves as entire frustules, they become perfectly analogous, in gene- 
ral form and structure, to Cymbellz or Cocconemata; and we shall find, in the 
remarkable group of Complex Amphore, next to be described, that the segments 


in many species, indeed in most, have a still greater resemblance to Cymbelle or 
Cocconemata. 


Let us now consider that group. 


B. Complex Amphore. 
Of this sub-group, as I have already stated, there are, in these 3 as many 
as of the simple group just described. These species are as follows :— 


82. er lyrata, n. sp. 5] 92. ee sulcata, Breb. 
n. sp. acuta, sp. 

4.  @longata, n. s cCrassa, Greg. 
85. ++» quadrata, n. a 95. . pusilla, n. sp. 
86. .  @x@isa, n. sp. 96. granulata, n. sp. 
67. nobilis, n. sp., G. | 97.  eymbifera, n. sp. 
88. Arcus, Greg. 98.  proboscidea, n. sp. 
89. Erevilliana, Greg. 99. ... costata, Sm 
90.  complexa, n. sp. | 100.  bacillaris, n. sp. 
91. fasciata, n. sp. 


The first 5 species of this group which was figured was A.costata,Sm. But the 
remarkable peculiarity of its structure was not specially noticed. I subsequently 
noticed several species in the Glenshira Sand, in which the complex structure had 
attracted my attention, such as A. Arcus, A. Grevilliana, and A. crassa, which 
I described and figured. I also pointed out that the same structure occurs in 
A. costata, Sm. In the new materials, besides acquiring a more accurate know- — 
ledge of the three new species just named, all of which I here figure a second 
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time, I have found a considerable number of new species, exhibiting the same pe- 
culiarities of structure. | 

The general character of all these species is, that the frustule is very convex, 
and formed, in the first place, of two segments or valves, in shape like Cymbelle 
or the halves of simple Amphoræ, placed opposite each other, as in the simple 
species. The middle space between these is, in the next place, covered, to a greater 
or less extent, by a complex mass, like that seen in Amphiprora complera, 
(fig. 61), and exhibiting, when the two lateral segments lie flat, a series of con- 
vergent longitudinal bars, which are the backs of other segments, grouped like 
those of an orange ora melon. The lateral segments exhibit all the characters 
of the halves of a simple Amphora; they have the inner curve lines and the no- 
dules, in some cases elongated so as to form a cross bar. The segments forming 
the central mass appear to have neither curve lines, nor nodules, nor bars. The 
lateral segments are transversely striated, and the bars of the central mass, or 
backs of the central segments, are frequently also marked by transverse striz ; but 
in other cases have much coarser markings, approaching more to the nature of 
puncta or granules. In some species again, while the margins of the lateral seg- 
ments are very coarsely marked, the backs of the middle segments are much more 
finely striated. In general, when the frustule lies so, that the two lateral seg- 
ments are flat or nearly so, we see in one focus the lateral segments with their curve 
lines and nodules, while in another focus these become invisible, and the conver- 
gent bars alone are seen, which in many cases fill up the whole space between the 
lateral segments, of which only a part, that nearest the outer margin, can then 
be seen. This is shown in several of the figures. 

This structure is so peculiar, that it seems as if it would be desirable to estab- 
lish a new genus for the reception of these forms. But the form of the seg- 
ments is so exactly that of the valves (or frustules) of simple Amphore, and 
even the entire complex forms, in a certain focus, are so like the others, that I 
think it will be sufficient to make a sub-genus for the complex forms. 

I have already mentioned that some of these forms occur in the Glenshira 
Sand; others, as well as these, are found in the dredgings from Lamlash Bay. 
But by far the larger part of the complex species here described are to be found 
in that one Loch Fine dredging spoken of under A. turgida, as being rich in Am- 
phore. Of the above list, thirteen species at least, along with A. costata, besides 
fourteen or fifteen of the simple group, occur in this one dredging, and several 
of these are found in it alone. It will be unnecessary to repeat this in detail for 
each species; and I shall briefly refer to Loch Fine as the locality of the species 
here alluded to as occurring in that particular dredging. 

82. Amphora lyrata, n. sp. Pl. XIII., fig. 82. Form doubly lyrate, with 
truncate ends, and a notch in the middle, on each side, where the two lyrate 
halves meet base to base. The lateral segments have each a strong bar or elon- 
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gated nodule in the middle. Bars between the lateral segments four or five. 
Length 00011"; breadth 0°00075". The whole form is transversely striated ; 
striz distinct, about 36 in 0-001". 

This pretty little form is not very rare in the Loch Fine dredging above men- 
tioned, as containing most of the complex Amphora. I have seen it also in 
Lamlash Bay. 

83. Amphora Milesiana, n. sp. Pl. XIII., fig. 83. Form nearly rectangular, 
with a constriction in the middle, and subtruncate ends. The sides are very 
slightly convex. There are several longitudinal bars between the lateral seg- 
ments. Length 0°0023"; breadth 0°001". The whole is transversely striated ; 
strie about 28 in 0°001", conspicuous. 

This species occurs with the last, both in Loch Fine and in Lamlash Bay. 

84. Amphora elongata, n. sp. Pl. XIII., fig. 84. Form elliptic lanceolate ; 
long, narrow, with truncate extremities. Length 00044’; breadth 00011’ ; 
Lateral segments very narrow; curve lines very near the outer margin. There 
are six bars in the middle, convergent on the ends. Striz conspicuous, trans- 
verse, about 26 in 0-001". 

This species occurs both in Lamlash Bay and in Lock Fine. It is not frequent, 
nor yet very scarce. 

85. Amphora quadraia,n.sp. Pl. XIII., fig. 85. Form iat rectangular ; 
the sides slightly convex, broad, ends truncated, as in A. truncata. Length 
about 0°0027" ; breadth about 0°0018". Lateral segments arcuate on the dorsal, 
straight on the ventral margin. Between them are about six broad vertical stri- 
ated bars, which are not, as in the preceding forms, in apposition, but which are 
somewhat distant, being separated by narrow raphes. The structure, therefore. 
‘differs in some respects from that of the other complex species. The lateral seg- 
ments and the vertical bars are transversely striated; striz about 34 in 0°001". 

This species occurs both in Lamlash Bay and in Loch Fine, and is not very 
rare. 

86. Amphora excisa,n. sp. Pl. XIII., fig. 86. Form rectangular. The curve 
line in each lateral segment keeps near the outer margin, except in the middle, 
where it bends inward to a nodule; but outside of this nodule is another, larger 
and more conspicuous, situated on the outer margin, which appears deeply 
notched at this point. Length 00025" to 0°004"; breadth 0°0015" to 0°0018". 
There are a number of longitudinal bars, convergent at the ends. The whole form 
is hyaline, and marked with very fine transverse striæ, which are best seen, 
though with difficulty, at the outer margin. Striæ about 52 in 0-001". 

This fine species occurs in Lamlash Bay, where it is not unfrequent. It is also 
found more sparingly in Loch Fine. 

87. Amphora nobilis, n. sp. Pl. XIII., fig. 87. Form barrel-shaped, broad, 
ends truncate. Length from 0-003” to 00045“; breadth, 0°0013 to 00028“. La- 
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teral segments arcuate, ends acute, inner curve-lines strongly curved, nodule 
elongated into a transverse bar. The converging bars in the middle are numerous, 
in apposition, and the whole frustule very hyaline. It is marked by fine trans- 
verse striæ, easily seen on the lateral segments, and which may also be traced, by 
careful manipulation, across the whole frustule. Stri about 40 in 0-001". 

I first observed this fine and conspicuous form in the Glenshira Sand, but 
postponed the description of it that I might examine it farther. I have found it 
more frequently in Lamlash Bay and in Loch Fine. 

88. Amphora Arcus, Greg. Pl. XIII., fig. 88. Form of entire frustule barrel- 
shaped, ends truncate. Segments arcuate, sub-apiculate, marked by coarse moni- 
liform strize, which are also seen over the entire form., Length from 0-0035’ to 
0045"; breadth about 0002. Striz 16 or 18 in 0°001". The longitudinal bars 
in the middle between the lateral segments are about 16 or 17, closely set, and we 
can see that they are segments seen edgewise. 

This fine form was rather frequent in the Glenshira Sand, but was only then 
known in the shape of detached segments, two of which I figured in my first paper 
on that deposit (Mic. Jour., vol. iii., pl. iv., fig. 4), without at that time under- 
standing its real structure. Subsequently I recognised the entire frustule in the 
Glenshira Sand, and also in the dredgings from Lamlash Bay. In my third paper 
I figured an imperfect specimen (Trans. Mic. Soc., vol. v., pl. i., fig. 37), and I now 
give a more perfect one, which shows that it really belongs to the complex group. 
See fig. 88. | 

89. Amphora Grevilliana, Greg. Pl. XIII., fig. 89. Form of entire frustule 
nearly oval, broad, slightly truncate at the extremities, which are broad, the line 
joining the apices of the lateral segments being concave, so that a short process 
stands out at each side. Length about 0-006"; breadth about 0·002“. In the spe- 
cimen figured (fig. 89) the form of the lateral segments is perfectly seen, probably 
because the frustule is viewed from the flat side, as we view an orange cut in 
half from the cut side. These segments are precisely like that figured in my last 
plate from the Glenshira Sand (Trans. Mic. Soc., vol. v., pl. i., fig. 36*). They 
are broad, arcuate, with somewhat acute rostra, and three curve-lines on their 
surface, which are peculiar to this species. They are marked with strong trans- 
verse moniliform strize. Strize about 28 in 0-001". Between the lateral segments 
are five or six convergent bars, which are the backs of other segments, and which 
are in apposition, except at the ends, where they diverge a little, from their 
apices becoming suddenly narrower. 

This fine species occurs both in the Glenshira Sand and Lamlash Bay. But 
the entire frustule given under this name in the plate just referred to (at fig. 36) 
does not belong to this species, as may be seen at once by comparing it with fig. 
89, and by the form of its segments, as seen in that figure. The segment in that 
plate, fig. 36*, is correct, as above stated. 


NEW FORMS OF MARINE DIATOMACEZ. 523 


The form figured in my last plate, at fig. 36, as the entire A. Grevilliana, is a 
new species, to which I now proceed. 9 

90. Amphora fasciata, n. sp. Pl. XIII., fig. 96> Form of entire frustule barrel- 
n that is, gently convex on the sides, broadly truncate on the ends. The 
form of the lateral segments, as well as that of the inner curve-lines, is well 
seen at the sides. Length about 0°005’; greatest breadth about 0°0023". Be- 
tween the lateral segments are seven or eight converging bars, separated by 
very narrow raphes; these are the backs of other segments. The detached seg- 
ments are arcuaté on the dorsal margin, nearly straight on the ventral margin, 
with acute ends. They have only one curve-line, bending forward in the 
middle to the nodule, which is near the ventral margin. Strise about 34 in 
60017, conspicuous. 

This fine and conspicuous form is not unfrequent in the Glenshira Sand, and 
occurs also sparingly in Lamlash Bay and in Loch Fine. Unlike the preceding 
one, it is almost always entire. 

91. Amphora complera, n. sp. Pl. XIII., fig. * Form of entire frustule rec- 
tangular, with rounded extremities. Length about 0-005; breadth about 00021. 
Lateral segments narrow, with the dorsal margin straight, except near the apices, 
where it bends inwards. Inner line strongly curved to the nodule, which lies close 
to the ventral margin. Between the lateral segments are seven longitudinal con- 
verging bars, the backs of other segments, which meet on the convex ends, en- 
tirely filling them up. These bars are separated by raphes, rather broader than in 
the preceding species. The whole form is marked by transverse strize, which are 
strong and conspicuous; about 30 in 0-001’. 

This very fine and conspicuous form, which is evidently nearly related to the 
two which precede it, A. Grevilliana and A. fasciata, while yet all these are dis- 
tinct, as is seen by the figures, occurs, like the others, both in the Glenshira 
Sand and in Lamlash Bay, and is not very rare. For some time I confounded 
all these together in the Glenshira Sand, and it was only a careful examination, 
especially of the detached segments, which showed me that they were really dif- 
ferent species. 

92. Amphora sulcata, Bréb., n. sp. Pl. XIII., figs. 92 and 92 ö. Form barrel- 

shaped, rather broad, ends truncate. Length of frustule 00041; breadth 0-002". 
Lateral segments broad, arcuate; inner lines strongly curved, nodule near ventral 
margin. Between the lateral segments—when viewed in a focus which brings out 
these segments clearly, as in one of the figures—are seen four or five converging 
bars. These bars, and all the lines of the lateral segments, are marked by short, 
transverse striae, the rest of the surface being hyaline. In another focus, the 
lateral segments and their curve-lines disappear, and the whole width is taken 
up by seven or eight converging bars, which are now separated by very narrow 
lines of transverse stri. The whole form is very hyaline and very convex. It 


524 PROFESSOR GREGORY ON 


is transversely striated ; but the strie cannot be traced throughout without alter. 
ing the focus. Striz about 38 in 0°001’. 

This remarkable form was first described by De Brestsson as occurring near 
Cherbourg. No form is better adapted to show the structure of a complex Am- 
phora, on account of its transparency, and the breadth of the convergent bars. 
have found it in Lamlash Bay, where it is not very frequent; and also sparingly 
in Loch Fine. No detached segments have yet occurred. 

93. Amphora acuta, n. sp, Pl. XIV., figs. 93 and 936. Form of detached 
segment arcuate, dorsal margin convex; in some examples with a slight inflec- 
tion just before the extremities; ventral margin straight, or slightly concave, 
ends acute. The inner lines are very near the ventral margin, and almost ex- 
actly parallel to it, but sometimes a little incurved, except in the middle, 
where the nodule meets them. Nodule elongated into a strong transverse 
bar. Length of segment 0°0035" to 0°0055'; breadth of it 000075. The seg- 
ments are marked by transverse striz, about 36 in 0-001", which are distinctly 
moniliform. 

I have not yet seen the entire frustule ; but it is no doubt complex, for I found 
a good many half-frustules, as it were, formed of segments lying one over the 
other, to the extent of five or six. Sometimes no cross bar is seen, probably be- 
cause the cross bar is only found on the lateral segments, which may have be- 
come detached, and left the middle ones by themselves. One figure shows a group 
or pack of segments. 

This species occurs in Lamlash Bay, but is more frequent in Loch Fine. It 
is probable that the entire frustule will somewhat resemble A. nobilis in form, 
but not in its hyaline aspect. On comparing the segments of A. acuta with those 
of A. nobilis, as seen in the entire frustule, the curve lines in the latter are seen 
to be very deeply curved, and to be much farther from the inner margin of the 
segment, whereas the inner lines in the segments of A. acuta are straight, or very 
nearly so, and close to the ventral margin. In A. acuta, the strim, though not 
coarse, are strongly moniliform, while the strive of A. nobilis are much finer. Yet 
it is probable that these two species are related. 

_(I have very recently observed two specimens, apparently of A. acuta, in which 
two segments are placed opposite, and close to each other. I suppose this view 
to represent the flat side of the frustule, or the half frustule, like a cut orange, as 
in the figure of A. Grevilliana, fig. 89. But in these specimens of A. acuta, the 
two lateral segments are in apposition.) 

94. Amphora crassa, Greg. Pl. XIV., figs. 94, 94 ö, 94 c, 94 d. Form of frus- 
tule rectangular, broad, with rounded ends. Length from 0˙ 00257 to 0-004’; 
breadth from 00008’ to 0°0013". Lateral segments linear, from 0°0005" to 0°00075° 
in breadth, straight, or very slightly incurved on the dorsal margin, which, at 
the apices, bends inwards, forming short, rounded beaks. Sometimes, as in one 
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of the figures, the dorsal margin is convex. Ventral margin of segments undu- 
lated. The inner curve lines arise from the point of the beaks, run a little 
outwards, then inwards to the nodule, placed very near the ventral margin. 
Markings entire, coarse, subdistant. Striz about 12 in 0-001". Between the la- 
teral segments are from five to eight convergent bars, marked with the same 
subdistant, entire striz. In one focus, not here figured, nothing is seen but bars 
from one side to the other, which are thus eight or nine in number. | 

This very pretty and interesting species occurs in the Glenshira Sand, but the 
figure given of it in my last plate (Trans. Mic. Soc., vol. v., pl. i., fig. 35), is not, 
at all events, the usual form. In that figure the markings are too close, and it 
may possibly represent a different species. Indeed, I have some reason to think 
that there are two species which resemble each other in several points. But I 
have not yet ascertained this to be the case. I have found the form now figured, 
which is the true A. crassa, more frequent in Lamlash Bay, where, also, I have 
observed the detached segments, previously unknown to me, and which, as may 
be seen, are very peculiar. It occurs also in Loch Fine, though less frequently. 

95. Amphora pusilla, n. sp. Pl. XIV., figs. 95 and 95 6. Form linear, with 
rounded ends. Length from 0°0014" to 0°0021"; breadth 0°0004" to 06-0006". 
Lateral segments very narrow, dorsal margin straight, except at the ends, nodule 
not far from dorsal margin, inner curve line also near it; striation conspicuous. 
Between the lateral segments are five or six narrow bars, separated by very fine 
sharp lines, and marked by subdistant granules or very short striz. ‘Strive about 
24 in 0-001’, very strong at the margins of the frustule. 

This little form is not very rare in the Loch Fine dredging, so often referred to; 
and occurs also, though more sparingly, in Lamlash Bay. In general aspect, it 
resembles a delicate miniature copy of the preceding species; but the form of the 
segments, the curve lines, and the striation, are all totally distinct. 

96. Amphora granulata,n.sp. Pl. XIV., figs. 96; 966; 96 c; 96 d; 96 e; and 
96 f. Form of frustule linear, broad, with slightly convex sides, and truncate ex- 
tremities. Length from 0°0017’ to 0°003" ; breadth 00008“ to 0:0013". Lateral 
segments slightly arcuate on the dorsal margin, which is suddenly narrowed at 
the ends; ventral margin quite straight, or slightly concave, apices sub-acute. 
Segments marked with fine transverse striz, which are parallel, and from 24 to 
36 in 0-001". Fig. 96 f, represents a detached segment. When the frustule is 
so focussed that the lateral segments are distinctly seen, and their strie plainly 
resolved, the space between appears nearly blank. But in another focus, the 
whole frustule is seen to be made up of about twelve longitudinal bars conver- 
gent on the ends, the backs of which are marked by subdistant granules, from 
14 to 18 in 0°001".. Hence the name. I have figured these two views of each of 
two frustules, one short and broad ; the other longer and narrower. One figure, 
fig. 95 e, represents a somewhat larger form, which also exhibits granulated bars, 
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and lateral segments approaching in form to those of A. granulata. But on care- 
ful comparison, it seems very doubtful whether this form do not belong to a dif- 
ferent species. As I have not yet had time to ascertain this precisely, I give it 
here cum nota... | 

A. granulata is tolerably frequent in the Loch Fine dredging I have named as 
being so rich in species of Amphora, especially of complex Amphore. I would 
observe that in this form the striation of the lateral segments is finer than that 
on the middle bars, whereas in the next species the reverse is the case. A. 
granulata sometimes attains a considerably larger size than in the two un- 
doubted specimens here figured. | 

97. Amphora cymbifera, n. sp. Pl. XIV., figs. 97, 97 ö, 97 c. Form of frus- 
tule elliptic, rather broad, with very short, produced, and truncate apices. Length 
00025" to 0°0045"; breadth in the middle, 0°0012 to 0°0016". Lateral segments 
highly arcuate on the dorsal, almost straight on the ventral margin, the former 
being suddenly contracted at the ends, so as to produce round heads, with very 
short necks; thus the segments are capitate. Their form is elongated, and the 
curve regular and graceful. They are marked by somewhat coarse striz, slightly 
inclined. Strize about 22 in 0°001". The nodules are on the inner margin, or 
just within it, and the inner lines are parallel to that margin, and close to it. 
The segments, when detached, as is seen in one of the figures, exactly resemble 
the frustules of an elegant Cymbella. Between the lateral segments lie from five 
to seven convergent bars, and, in one focus, the whole frustule is seen to be made 
up of these bars (fig. 99 Y), which are marked by fine transverse strise, consider- 


_ ably finer than those on the lateral segments, which became stronger and coarser 


near the margin, as may be seen by the figures. The bars, as in A. sulcata (fig. 
91), appear to be sep@tated by furrows, and in a certain focus these furrows may 
be seen marked by lines of short transverse striz. Fig. 99 is the same frustuie 
as that in 99 0, focussed so as to show the lateral segments. Fig. 9§ e, is a de- 
tached segment. : 3 
This fine form is not unfrequent in the Loch Fine dredging above mentioned. 
The views of it are so different, according to its position, and the detached seg- 
ments are so like Cymbelle, that it was some time before I could see my way 
among these forms, especially mixed as they were with frustules and segments 
of the preceding, as well as of the next species, which have a similar structure. 
98. Amphora proboscidea, n. sp. Pl. XIV., figs. 98; 98 ö; 98¢; 98d. Form 
of frustule nearly rectangular in the middle, contracted near the ends to truncate 
extremities. Length from 0°003" to 0-005"; breadth from 0-001" to 0°0015". The 


longer specimens are narrower than those of middling length. Lateral seg- 


ments arcuate on the dorsal, often slightly convex, or undulated, on the ventral 


surface, contracted at the ends so as to be capitate, the heads having longer necks 


than in the preceding species, which are bent forward at a very obtuse angle, 
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giving to the detached segment a very peculiar character. The segments are 
marked by strong, coarse strie, about 20 in 0-001". In one focus (fig. 9$) the 
segments are well seen in the frustule; in another, fig. 97 ö, the frustule is seen 
to consist of 9 or 10 convergent bars, which are coarsely granulate. In fig. 97 
the lateral segments are seen to be nearly in apposition, with a narrow space 
between them, of varying width, from the undulations of the ventral margin. 
The inner line of each lateral segment is very slightly curved; the nodule lies 
nearest to the ventral margin. The detached segments, figs. 91 c. and 93 d, are 
precisely like Cymbellze, and for a long time I considered them as such, with those 
of A. granulata and A. cymbifera. But the view in fig. 93 showed the real 
nature of these forms. Want of space alone prevents me from giving figures of the 
entire frustule corresponding to the segment in fig. 98d. The reader is requested 
to compare fig. 9$ with the corresponding view of A. Grevilliana, fig. 89. 

This very striking species occurs only in the stony Loch Fine dredging, so often 
alluded to, where it is rather frequent, both entire and in detached segments. 

99. Amphora costata, Sm. Pl. XIV., fig. 99. This species is described by 
Professor Surrn in his Synopsis, vol. i., where the entire frustule, and also a half 
frustule, are figured. But little is said of its peculiar structure, and the detached 
segment is not figured. For this reason, and to show the analogy between this 
species and the three preceding ones, I have figured a detached segment (fig. 99. 
Form of segment highly arcuate, very broad in the middle. Ventral margin 
straight, or slightly concave, but often, as in the example figured, which is a 
rather small one, with a rounded prominence in the middle close to the nodule. 
The ends are capitate. Strig coarse, conspicuous, about 14 or 16 in 0-001", 
thicker and stronger near the dorsal margin. Length from 0-002" to 0°0033" : 
breadth in the middle 0°0012" to 00016". 7 

It will be seen that in this species also the segment resembles a Cymbella, 
although it is a very broad and highly arcuate one. When the segments are 
united, as in the entire frustule, it is not easy to see their real characters. The 
backs of these segments, or longitudinal bars, are, as in Professor Surru's accu- 
rate figures, marked by very coarse distant granules, which give no indication of 
the peculiar striation of the detached segments. Hence it was very long before 
I was able to detect the component parts of the frustule when detached, or to re- 
fer the form shown in fig. 99 to A. costata. But some specimens, as in the pre- 
ceding species, when carefully focussed, clearly show their true nature. 

100. Amphora bacillaris, n. sp. Pl. XIV., figs. 100 and 100 ö. Form of frustule 
linear, narrow, with somewhat rounded ends, which are subacute. Length about 


0˙0017˙; breadth about 0·0003˙. In one focus it exhibits two lateral portions se- 


parated by a middle space, the sides of which are perfectly straight, the ends 
beautifully rounded. In another, the whole frustule is seen to be composed of 


very narrow bars, separated by very sharp lines, converging on the ends, and 
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marked with small granules. Striation transverse, fine; number of striz not 
counted, but they are much finer than in A. pusilla. The detached segments are 
not yet known; but, as seen in fig. 98, the segments appear to be very narrow, and 
linear in form, the dorsal margin being hardly convex. The inner curve-lines and 
nodules are obscure. These characters, as well as the finer striations, the finer 
granulation of the bars in fig. 100 b, and the peculiar form of the middle space 
in fig. 100, sufficiently distinguish it from A. pusilla, the only form it resembles. 

This species occurs in the same Loch Fine dredging with those which imme. 
diately precede. | 


The numerous examples here given of complex Amphore, to which, as we 
have seen, two have been added from the simple group, prove that this group of 
forms is by no means a small one, since so many have been obtained in one lo- 
cality. It is worthy of remark, that the same dredging, which has yielded 
at least 12 or 13 of the forms just described, also contains A. costata, Sm., 
already alluded to as the first Complex Amphora ever figured in this country, 
though the peculiarities of its structure had not been fully appreciated. In fact, 
as we have seen A. Grevilliana, A. complexa and A. fascata to form a smaller group 
of closely allied species, so A. granulata, A. proboscidea, and A. cymbifera also 
form another such group, to which A. costata also belongs. It would almost seem 
as if the locality were favourable to these complex forms; for on the waters of the 
Clyde the whole of them occur. We have also in these waters four Amphiprore, 
with the remarkable additions of plates lying on the valves, namely, Apr. pusilla, 
Apr. lepidoptere, Apr. plicata, and Apr. maxima; and lastly we have the doubtfully 
named Apr. complexa, which exhibits the same complex structure in its middle 
portion as we find in so many species of Amphora, that, namely, of segments 
packed together, and converging on the ends, like those of an orange or melon. 
But we must also remember that _ same locality is equally rich in new forms 
of simple Amphore. 


GROUP VII. 


MISCELLANEoUvs. 
In this last group I shall describe a few forms of genera not yet named in this 
communication, and among them one or two w nose real nature is doubtful. 
These are :— 


101., Navicula (7) Libellus, n. sp. 106. Sceptroneis Caduceus, Ehr. 
102. Nitzschia (?) panduriformis, n. sp. 107. Synedra undulata, Greg. 

103. Nitzschia distans, n. sp., G. . Toxarium undulatum, Bail. 
104. hyalina, n. sp. 108. Synedra Hennedyana, n. sp. (0) 
105. Pleurosigma (I) reversum, n. sp. 


and, as an Appendix, 
| 109. Creswellia Turris, n. sp., (Arnott). 
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101. Navicula (?) Libellus, n. sp. Pl. XIV., figs. 101, and 101 ö. Form of F. V. 
rectangular, broad, with the angles rounded. The middle part is marked by lon- 
gitudinal lines or folds, like the leaves of a book ; and when the two halves of the 
F.V. separate, each retains a broad band of this lineate part. The breadth of 
the detached halves on the F. V. is so great, that, when united, they must, it 
would seem, mutually overlap, otherwise the resulting frustule would be much 
broader than it is. S. V. rhombic or elliptic-lanceolate, broad, with obtuse ends. 
Length from 0-003" to 0°0035"; breadth of F. V. 0°0017’ to 0°002’. The S. V. is 
marked by very fine transverse striz; strie about 60 in 0-001"; median line 
distinct; nodule definite. When the edge of the S.V. is seen, as in fig. 101 ö, 
the valve seems to be a compound one, formed of five or six, closely packed one 
over the other. I cannot ascertain if this be so or not. 

This species is frequent in Lamlash Bay, and it much resembles the form 
figured by me in my second plate from the Glenshira Sand, under the name of 
N. rhombica, of which also I had figured two of the S.V. in my first plate (Trans. 
Mic. Soc., vol. iv., pl. v., fig. 1, and Mic. Jour., vol. iii., pl. iv., fig. 16). But I 
observe several uniform points of difference. N. Libellus is more obtuse and broader, 
and its striation is not only much finer, but the strize are everywhere of uniform 
size and at a uniform distance; whereas in N. rhombica, they are near the middle 
of the valve, not only stronger, but so much more distant than in the rest of the 
valve as to be almost conspicuous. M. Libellus is also, on the whole, a larger 
form than VN. rhombica. 

But it is very doubtful whether either of them be really a Navicula. They 
have some resemblance, especially on the F. V., to Schizonema Grevillii, Sm., 
which, however, is a much smaller form. Still they may possibly belong to 
Schizonema, but this cannot be ascertained except in living, or at least quite 
recent and uninjured specimens. The F.V., with its foliated or complex struc- 
ture, appears to me, however, to differ from that of a Schizonema. 

I may here add, that there occurs in Lamlash Bay a much smaller form of 


the same shape, but not foliated, at least not distinctly so. This is perhaps the 


true S. Grevillii. 
102. Nitzschia (:) panduriformis, n. sp. Pl. XIV., fig. 102. Form linear, 
broad, incurved in the middle, acuminate at the ends, which are usually obtuse 


and rounded, but sometimes acute and sub-apiculate. Length about 0003; 


‘breadth in the middle 0-001"; at the shoulders 00012’. The specimen here 
figured is longer than usual, and the only one I have seen of this length. Margin 
punctate. There is a faint indication of a double keel in the middle of the valve. 
Striation fine, both transverse and oblique; strie about 48 in 0-001’. 

This species occurs in several of the Loch Fine dredgings, and is not rare. 
The striation is similar to that of Tryblionella constricta, Grig. (Mic. Jour., vol. 
iii, pl. iv., fig. 13); but the present form is much larger, and is distinguished 
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by the marginal puncta. Still it resembles a Tryblionella about as much as it 
does a Nitzschia, and I therefore give it with a query as to the genus. 

103. Nitzschia distans, n. sp. Pl. XIV., figs. 103 and 1036. Form of F. v. 
nearly rectangular ; margin punctate, the puncta being very distant, some in 
pairs, others single, 5 or 6 in 0001“. The punctate margin bends slightly in- 
wards to each end, so that the ends would be narrower than the middle but for 
two small hyaline expansions at each end, which renders the extremities a very 
little broader than the middle. Length about 0°0058"; breadth about 0-001’. 

S.V. linear-lanceolate or rhombic-linear, narrow, broadest in the middle, where 
the breadth is 00005“; ends acute, keel central. The whole form is somewhat 

This species is not rare in the Glenshira Sand, and I was only prevented from 
- figuring it in my last paper on that deposit by want of room for the figure. Since 
then I have found it frequent both in Lamlash Bay and in the remarkable stony 
dredging from Loch Fine, so often mentioned, from which the present figure is 
taken. It is probably striated, but I have not been able to resolve the striation. 

I may here state that the form, of which a drawing was made, but not in- 
serted in the plate just alluded to, seems to differ in some points from this, which 
is the more frequent. In that form, the puncta, though distant, were regular, 
and, as stated in the description, which was printed without the figure, appeared 
to be constricted, and to have fine lines proceeding from one constricted punctum 
to the constriction in the next. As the F.V. of this form had not the terminal 
expansions, a circumstance which at the time J attributed to accident, I am in- 
clined to believe that that figure really represented a different species. This | 
have not had time to ascertain. But the present figure represents accurately the 
form which from the first | had named Ma. distans. 

104. Nitzschia hyalina, n. sp. Pl. XIV., figs. 104 and 1046. Form of F. V. 
rectangular, with expansions at the extremities. On each margin is a row of 
small puncta. Length 0°0034'; breadth 0°0004". S. V. linear, narow, and towards 
both ends contracted to long and still narrower terminations. Keel apparently 
double; but perhaps one is seen through the very hyaline valve. The whole form 
is so hyaline as to be easily overlooked. 

This delicate species is tolerably frequent in the Loch Fine dredging so often 
mentioned. It is possible that it may be a Homeocladia, but I have no means at 
present of deciding this point. It is certainly not one of the species of H. figured 
in the Synopsis. 

105. Pleurosigma (?) rerersum, n. sp. Pl. XIV., figs. 105 and 105 ö. Form 
linear-lanceolate, narrow, somewhat contracted on each side of the middle por- 
tion, and again expanding towards the ends, which are elongated, and have the > 
expansion all on one side, but on opposite sides at the two apices. On the non- 
expanded side of the elongated ends, the margin is nearly straight, or slightly in- 


if 
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curved. The whole form has a strange appearance, as if we were to take two 
long, narrow stockings, cut them across at the widest part, and join them at the 
cut ends, with the feet pointing opposite ways. From this last character I have 
named it. Length 0-005" to 0°006"; greatest breadth 0°0006." Median line sig- 
moid, straight in the middle, and suddenly bent near the ends in opposite direc- 
tions. Striation so fine that I have not yet succeeded in resolving it, and therefore 
not easily visible under a power of 400 diameters. 

This singular form occurs in the stony Loch Fine gathering so often Wed 
to. I have as yet only seen the two specimens here figured, and two more; but I 
have not searched for it, these being so remarkable, and so like each other, as to 
indicate sufficiently, in a general way, the existence of the species. I do not feel 
quite certain as to its genus; but I think it right to direct the attention of ob- 
servers to it. It will probably be found more abundantly in some dredging or 
gathering from a different locality in the Clyde. 

106. Sceptroneis Caduceus, Ehr. Pl. XIV., fig. 106. I cannot enter into a 
detailed description of this species, as the fragment here figured is the only spe- 
cimen of it I have yet seen in these dredgings, or in any British gathering. And 
| figure it chiefly as evidence that this genus, which is frequent in several Ameri- 
can fossil deposits, yet lives in our waters, although we have yet to find it in such 
abundance as will probably occur near its true habitat. Enrensere thus describes 
the genus (Bericht der Berlener Akademie, 1844, p. 264), “ Animal e Bacillariis 
Echmelleis, affixum? Lorica simplex sequaliter bivalvis silicea stiliformis com- 
pressa, nonconcatenale, cuneata (viva facile pedicellata). Sutura laterum utrus- 
que valve longitudinalis media, umbilicus nullus. Habitus Meridii non concate- 
nati aut Gomphonematis, umbilico laterali carentis.“ 

The species, S. Caduceus, is distinguished by its long slender form, having 
a central expansion, and another at one end, while the other end is long and 
narrow, and by its very coarse moniliform striz. In this fragment we have the 
large end, which is unusually large, for it is commonly of a narrower and some- 
what elliptical shape. 

This form, which adds one to the list of British genera, occurs in the same 
Loch Fine dredging as the preceding one, and so many more. 

107. Synedra undulata,Greg. Toxarium undulatum, Bail. Pl. XIV., figs. 107 
and 107 6. Form of frustule very long, and very slender. F.V. rectangular, very 
narrow; S. V. with an elongated central expansion, and two small semi-elliptic 
terminal ones. Margin undulated. Strize conspicuous, moniliform, in the expan- 
sions passing, towards the middle, into an indiscriminate punctation. Length 
0023"; greatest breadth of S.V. 000035; breadth of the longer and narrower por- 
tions hardly 0-0001.” So that the length of the frustule is about 70 times the 
width of the broadest part of the S.V., and more than 200 times that of the greater 
part of the valve. 


22 
| 
| 
| 
| 
| 
| 
| 
| 


532 PROFESSOR GREGORY ON 


Professor Smiru describes the S. V. as arcuate, as in fig. 107 b; but I find it very 
often quite straight, as in fig. 107. ‘The arcuation seems to be accidental, due only 
to the great slenderness of the frustule, and therefore common; but it is most 
probably naturally straight in the S. V. as well as on the F.V. Professor Bamzy 
represents it as straight, although he figures a specimen of the enormous length 
of 00265.“ Those which are not straight are bent quite unequally, some very 
little, others considerably, others only at one end, and others more at one end 
than the other. I feel pretty sure, therefore, especially as straight examples are 
frequent, that it is not essentially an arcuate form. 

This very remarkable species, the longest known Diatom, except a Cheetoceros, 
figured along with it by Baitey, which is as long, was first observed in this 
country, by me, in the Glenshira Sand, in which, however, I could not find, among 
some hundred specimens, one entire frustule. I figured three fragments, two of 
them nearly complete, in my first paper on the Sand (Mic. Jour., vol. iii., pl. iv. 
fig. 23), and was able to calculate, that if entire, its length would be about one- 
fiftieth or one fortieth of an inch, or 0-02" to 0025". The length of the specimen 
here figured lies between these measurements, that of Professor BAtey’s figure is 
a little above the highest of them. After my paper with the incomplete figures was 
published, I became acquainted with the earlier observations of Professor BaILey, 
who had found it living on Sargassum on the American coast. I found one specimen 
of it also recent, but still fractured, before my paper was printed, in a gathering 
made by Professor Suirn on the south coast. Subsequently, Professor Suirn 
found it frequent in Cork harbour, though smaller than in America. Last year 
(1856) I found it frequent in Professor ALLMAN’s Lamlash Bay dredging, and spa- 
ringly in the other dredgings. As no entire figure of it has yet appeared in this 
country, I have here given two figures, one arcuate, the other straight. 

108. Synedra Hennedyana, n. sp (?) Pl. XIV., fig. 108. This form is in all re- 
spects similar to the preceding, except that the margin fs not undulated. Fig. 
108 represents it of the same length as S. undulata. 

I first noticed this form along with S. undulata, in July 1856, in Professor 
AlLLMAx's Lamlash Bay dredging, but I considered it as simply a variety of that 
species. I was led to do so by observing that in S. wndulata it often happens 
that a considerable portion of the margin is devoid of undulations. But several! 
other observers who had seen it, adopted the opinion that it was distinct from 
S. undulata. Mr Roper was, I believe, one of these; and I rather think Professor 
Wa ker-Arnort, and Mr HenNeEDy have come to the same conclusion. Professor 
Arnott informs me that it occurs in a gathering from the Clyde, I believe near 
Cumbrae, without a single frustule of S. undulata. As this gathering was made 
by Mr Hennepy, if I am not mistaken, and as he has at all events studied the 
form in question, I have figured it under his name, with a mark of doubt, as 1 
am not yet quite satisfied that it is really a distinct species. In my material it 
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is mixed with S. undulata; and I know of no distinction beyond that of the ab- 
sence of undulations on the margin, unless it be that the striz in S. Hennedyana 
are perhaps a little finer than in S. undulata. Even of this I am not sure. 
But the figures, which are very accurate, will enable the reader to form his own 
conclusions. 

Such are the results obtained, up to this time, by the examination of these 
11 gatherings from the Firth of Clyde and Loch Fine, 10 of which are true dredg- 
ings, while the 11th is derived from Corallina officinalis, to which a good many 


Diatoms have adhered. 


From the remarkable analogy between the Glenshira Sand and these gather- 
ings, we may regard it simpiy as another dredging, the marine forms in which 
have been derived from Loch Fine. I have shown that the period at which it 
was deposited has not caused any material difference of composition, and that we 
may say, in general, that it does not differ more from the an a ae 
they do from each other. . 

Considering, then, all as supplying us with existing forms, we are struck with 
the unexpectedly large number of undescribed species which this exploration of 
the waters of the Clyde; though very limited in the area whence the materials 
were derived, has yielded in a short space of time. 

It is worthy of notice, that the great majority of these new forms are not 
only new: as British species, but have not been observed elsewhere, although 
EuRENBERG and Batvey have both described many rich marine gatherings from 
different parts of the world. | 

This proves that the existing stores of marine Diatoms have not yet been by 
any means fully explored. It is therefore highly desirable that dredgings or 
soundings from all seas and estuaries, and from every part of them, should be 
procured and carefully searched. From what has been already recorded, as well 
as from the results here given, it appears that estuaries and harbours, or other 
localities near the coast, are likely to be the richest in Diatoms, perhaps from the 
comparative shallowness of the water. But the conditions of the distribution 
of these organisms in the sea, and of the accumulation of their indestructible si- 
liceous shells, are not yet known with certainty. Thus, while every one of these 
Clyde dredgings proved more or less rich in Diatoms, I have found several from 
the Long Narrows, in the Firth of Forth, kindly given me by Dr Hecror, to be 
very poor in comparison, and indeed not worth the trouble of mounting. And 
while BAlLEY has found many interesting forms of this class in soundings from a 
depth of 1700 fathoms, and even of 2700 fathoms, in the Kamtschatka Sea, a num- 
ber of Atlantic soundings, from depths varying from 85 to 2000 fathoms, which, 
by the kindness of Professors W. THomson and ALLEN THomson, I was allowed to 
see, contain indeed Foraminifera and Polycystinez, but are almost entirely desti- 
tute of Diatomaceze. Yet Baimey has found Diatoms in Atlantic soundings from 
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other localities. We have nothing for it, therefore, but to examine every speci- 
men of sea-bottom that we can procure. And the example of the Firth of Clyde 
is sufficient to prove that much remains to be done. 

It should also be stated here, that these Clyde dredgings are not exhausted. 
Indeed, it is a work both of much time and much labour fully to exhaust any 
such mixtures as these are. 

While these sheets are passing through the press, I am in a position to state, 
that I have already collected, from the same materials, so considerable a number. 
of additional undescribed forms, that it will be necessary to describe and figure 
them in a supplementary memoir. Of these forms, a large proportion are discs, 
many of which are small, or only of a medium size; but there are also Naviculoid 
forms, Amphoree, and forms of a few other genera. 

I would further direct attention to the fact, that these dredgings differ ma- 
terially from each other, each being characterized by the prevalence of certain 
forms, although some forms are common to all. Thus, off Inveraray and Stra- 
chur, in Loch Fine, the proportion of large Campylodisci was very much greater 
in two gatherings than in all the rest, whether there or off Arran; while in 
Lamlash Bay, the material was remarkable for the great number and variety of 
Amphoree, a character found in one only out of the seven dredgings from Loch 
Fine. This shows that the deposits may vary much in regard to species, and 
even genera, in localities at no great distance from each other, and points out the 


_ advisability of searching every corner. 


Lastly, it appears probable that some genera, whether such as have been 
adopted by Exrenserc, Kurzine, BarLey, and others, or entirely new, will have 
to be added to Professor Smirn’s list of British genera. This is especially the 
case with the numerous new filamentous forms, hardly any of which agree with the 
genera in the Synopsis. I have not for the present ventured to introduce any 
entirely new genus, but I have added Pyzidicula and Sceptroneis of EHRENBERG, 
and, more doubtfully, Diadesmis, also admitted, in a recent paper, by Professor 
Situ. I refrain from doing more; because I believe that genera established in 
the present imperfect state of our knowledge of species as well as of genera, are not 
likely to be permanent. In one case, I have pointed out the possibility of uniting 
in one genus and in one species three forms, Campylodiscus simulans, Surirella 
fastuosa, and Surirella lata, at present referred to two genera and three species. 

In distinguishing and describing the very numerous new forms figured in this 
communication, I have been careful to avoid unnecessary multiplication of 
species. In numerous cases I have united forms apparently distinct which a 
closer examination showed not to be so. And in every case where I have ad- 
mitted a new species, it has been because I could not reconcile it with any figures 
or descriptions which were accessible to me. I have also had the great advan- 
tage of frequent consultation with Dr GREvNLE, whose opinion has deservedly 
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very great weight with all students of the Diatomacem. I have further to thank 
Mr Roper for many useful hints, and for the use of some very accurate drawings 
of forms observed by him, in many cases identical with those I had myself de- 

‘hod 
It is impossible to do full justice to the scrupulous accuracy and to the ar- 
tistic beauty of the figures which Dr Grevit_e has made of the forms which I 
have described, and to the signal success with which Mr Turren Wrsr has en- 
graved them. I can only say that I have seen no figures of this kind equal to 
them in these respects, and that the chief value of communications like the pre- 
sent is derived from the presence of good figures. Without figures, descriptions 
are apt to be misunderstood, and inferior figures tend, more than any other 
cause, to lead observers to multiply species unnecessarily. Those who are in 
the habit of studying the Diatomaceze will agree with me, that a large proportion 
of the figures in some works on the subject are worse than W and lead to 
hopeless confusion. 

There is another point on which good figures throw much needful light. In 
many species, though by no means in all, the shape, as well as the size of the 
forms, and even the striation, all vary to a great extent. In such cases, it is 
most important that every author should figure a sufficient number of selected 
forms, to show the real extent of the species. These variable species ought to be 
thus treated individually, by which means many existing species would be got 
rid of and reduced to a smaller number. I have attempted something of the 
kind in Navicula varians (Trans. Mic. Soc., vol. iii., p. 10), and in this paper I 
have done so partially in Navicula Lyra, Nav. Smithii, Amphora Proteus, and 
Amphora levis. Such forms as M. elliptica, N. didyma (which I have in part illus- 
trated in my last paper on the Glenshira Sand), V. Crabro and P. Pandura, for 
example, and even M Smithii, besides others in different genera, require much 
fuller illustration than they have yet received. 

Finally, I wish it to be understood, that in describing 20 many new species, I 
make no pretensions to deciding authoritatively on disputed or doubtful points. 
My sole object is to bring under the notice of observers, the forms which I meet 
with. To do this, I must needs give them names, and in this respect I endeavour 
to be as accurate as I can. I observe that Professor Smiru, in his last paper in 
the Annals, objects to the establishment of new species, unless the specimens are 
frequent. But although I have given, as distinct species, some forms which are 
rare, I have not done so till after I had examined and compared many specimens of 
each, except in one or two cases, such as Coscinodiscus umbonatus, where the form 
is so striking and well-marked that even one specimen suffices. 

_ « If we confine our attention to one or two slides, then, indeed, rare forms can 
not be sufficiently studied. But in the researches made in connection with this 
paper, I have explored at least 1000 slides, most of them twice, many three times, 
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and even oftener. Thus it happens, that I have compared as many specimens of 
by far the greater number of the forms here mentioned as rare, as if they had 
been very frequent, and I had only seen one or two slides. 

Compared with many forms, all the Complex Amphore would be considered 
rare, but of these, I have in every instance examined numerous specimens, and 
have satisfied myself of the constancy of their characters, which is the most im- 
portant point. 

I trust, therefore, that Naturalists will accept this paper as a simple contri- 
bution to our knowledge of Diatomaceous Forms. As such I present it, leaving 
to those who are better qualified for the task than I am, to decide on the con- 
flicting claims of genera and species. | 


APPENDIX. 


For the following description and figure of a very beautiful new form, belong- 
ing to a new genus, I am indebted to my friend Dr Grevitte. The form in 
question has not occurred to me as yet, but as Professor WALKER-ARNoTT has 
found it in the Clyde, it has a claim to be inserted in this account of new Clyde 
forms. | 


Notice of a New Genus of Diatomacee. By R. K. GVU, LL.D., F. R. S. E., &c. 


My friend Professor GREGOR having permitted me to introduce in this place 
the description of a new and mest interesting diatomaceous form, I gladly avail 
myself of the privilege. Having been recently discovered in the Clyde, it may, 
indeed, be considered as possessing some claim to appear in company with the 
multitude of fine species described by Professor Grecory in the preceding pages. 
This remarkable Diatom was communicated to me a few weeks ago, by my friend 
Professor WaLKER-ARNoTT, for publication and illustration. It is to be regretted 
that he did not undertake this office himself; he has, however, very kindly sup- 
plied me with notes of his views regarding it, so that he has rendered my labour 
comparatively light. Professor WaLKER-ARNoTT’s attention was first directed to 
the form in question by the Rev. R. CREswELL, who obtained it at Teignmouth, 
from the stomach of Cynthia rustica (Phallusia rustica, Flem.), along with Bid- 
dulphia Baileyi and other good things. It is, however, so scarce, that at present 
it must be reckoned among the rarissima of its tribe. Very fortunately the speci- 
mens which have been obtained are in a state to admit of satisfactory description. 
Like Biddulphia and Isthmia, it forms chains, the links or frustules of which are 
oblong, somewhat depressed at the ends, highly cellulate, separating transversely 
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into two equal valves. The frustules are united by means of a circle of numer- 
ous short, terminal processes of equal length, which ultimately separate in the 
middle; and the detached frustules then appear furnished at each end with a 
beautiful coronet, or circle of miniature turrets. This mode of connection is peculiar, 
although perhaps analogous to that in Biddulphia. In the subject of these 
remarks, however, the connecting processes do not appear to be so distinctly a 
continuation of the substance and structure of the body of the frustule, as are the 
horns of that genus, and must rather be regarded in the light of appendages. 

With regard to the affinities of this beautiful little object, we may certainly 
assume, that if a solitary frustule had alone been formed it would have been 
referred by Kérzine at once to the genus Pyridicula. But little or nothing is 
known of the real nature of the variety of forms brought together under that 
name. EHRENBERG’s own character for the original genus is as follows: , 

Animal e familia Bacillariorum, liberum, lorica simplici, bivalvi (silicea) ; 
solitarium, globosum (=Gallionella divisione spontanea perfecta aut nulla). Die 
Infusionsthierchen, p. 165. 

But EunkxnERO subsequently constituted other genera or subgenera to receive 
the accumulating species; and as the work in which they appear is not generally 
accessible, I do not hesitate to give the characters verbatim in this place. 

“ Dictyopyais, nov. gen. Pyxidicule generis ea bivalves subglobos:e aut tur- 
gid forma, que valvularum test strictura simpliciter cellulosa insignis sunt ab 
iis, que continua et simplici membrana silicea includuntur, aut appendicibus 
variis instructæ sunt, gravius differunt et facillime distinguuntur. Cellulosas 
_ igitur in Dictyopyxidis subgenere colligendas senserim. P. cruciata, Cylindrus, 
hellenica et Lens huic subgeneri nunc inscribende sunt.”—Ehrenb. Bericht. der 
Berl. Acad., 1844. P. 262. | 

Stephanopyxis, nov. subgenus. Pyzidicule generis bivalves turgid aut 
subglobosee formee, quee valvularum testæ structura cellulosa insignes sunt et 
denticulorum, aculeorum aut membran coronam in media quavis valvula gerunt 
in hoc Pyxidicule subgenere colliguntur.”—Lhrenb., I. c., 1844. P. 264. 

“ Xanthopyxis, nov. subgen. Pyxidicule subgenus bivalve turgidum sub- 
globosum. Valvularum testa silicze continue integerrime nec cellulose, super- 
ficie hispida, setosa aut alata.”—Ehrenb., I. c., 1844. P. 264. 

Körzixd, in his Species Algarum (1849), reunites the whole, giving twenty- 
two species, all of which, except two, are fossil. The frustules, according to him, 
are “non concatenata.” Mr CRESwELL s Diatom is, therefore, by a most import- 
ant charaéter, excluded. Taking a simple frustule, and leaving the processes out 
of view, it much resembles Dictyopyzis hellenica (Ehrenb. Microgeologie, tab. xx, 
fig. 32), and also Stephanopyxis appendiculata of the same work, tab. xviii., fig. 4 ; 
but that species has only a single tooth at each end, and is provided with a sort 
of narrow zone or annulus. It resembles still more closely Stephanopyxis apicu- 
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lata (Ehrenb., l. c., tab. xix., fig. 13) which is represented with three terminal 
teeth; but these teeth can scarcely be the remains of a corona, as Kiirzina, in de- 
fining the frustule, says, “ utroque fine medio apiculis elongatis hispido.” Upon 
the whole, the safe course seems to be to regard the subject of this notice as not 
only specifically but generally new; and I gladly adopt the suggestion of Pro- 
fessor WALKER-ARNOTT, that it receive the name of Creszellia in honour of its dis- 
coverer, the Rev. R. CnESswWRLL, a gentleman well known to Algzeologists, and to 
whom Professor Harvey has already dedicated a new British Schizothrise. The 
following character will distinguish it at once from all its allies. 

Creswellia. Frustules cylindrical, two-valved, cohering by short, filiform pro- 
cesses into a continuous filament. Valves cup-like, cellulate, destitute of any si- 
liceous connecting band. Pl. XIV., fig. 109. 

This singularly interesting Diatom, which may be called Cresmellia Turris, 
has only been found in the locality already mentioned by Mr Creswe t, and off 
the Island of Cumbree, where it was dredged along with the nests of Lima hians 
by Mr Hennepy, and a single frustule detected by Dr WALKER-ARNOTT. 

The figure represents four frustules, the largest number which has been 
hitherto observed in connection. It will be perceived that in two of the frustules 
one of the valves is dark, and more or less opaque. This appearance we are quite 
unable to account fer. It sometimes happens that the whole frustule is dark. 
Generally they are all beautifully clear. The structure is highly cellulate, the cells 
hexagonal. The length of the frustule is about 0028“; the breadth about 0016“ 


EXPLANATION OF PLATE IX. 


Fig. 1. Navicula minor, n. sp. Fig. 16. Navicula Smithii, var. Y, nitescens. 
— 2. Cluthensis, n. sp. — 1 ccs Smithii, var. , suborbicularis. 
— 3.  inconspicua, n. sp. — 18&18b, maxima, Greg., S. V. and F. V. 
— 4. brevis, n. sp. — 19. Pinnularia subtilic subtilis, n. sp. 
— 5 Claviculus, n. sp., S. V. x 800. — 20. rostellata, n. sp, 

5b, do., F. V. x 800. 5 c, do. — 21 450 Allmaniana, n. sp 

S. V. x 400. — 22... Pandura, Bréb., var. B. elongata. 
— 6. Musca, n. sp. — 23. Cocconeis distans, Greg. 
— 7. rectangulata, n. sp. — 24. ornata, n. sp. 
— 8. nebulosa, n. sp. — 28. dirupta, n. sp. 
— „ Barclayana, n. sp. — 26 she nitida, n. sp. 
— 10.  . spectabilis, n. sp. — 27.  pseudomarginata, n. sp. 
— 11.  praetexta, Ehr. — 28. major, n. sp. 
— 12. Bombus, Ebr. — 29. splendida, n. sp. 
— 13 & 13 ö, Lyra, Ehr. All the above, except figs. 5 and 5 b, are magnified 
— 14 14 b, Lyra, var. B. 400 diameters. 
— 15. Smithii, var. H, fusca. 

EXPLANATION OF PLATE X. 
2 ene interrupta, n. sp. Fig. 34. Denticula nana, n. sp., F. V. 346; 40 SY. 
— * capitata, n. — 38, 35 b, & 
— 32. (05) ornata, n. x 35 ¢, sp. F. V. 354; do. SV. 
— ae} (2) levis. 36. istans, n. sp., F. V. 36 b; do. S. V. 
33 „, — 57 57 b.. 876; dog 
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38. Denticula ful va, n. sp., F. V. 38 b; do. S. V. Fig. 44. 
835. a. marina, n. sp., 39 b; do. S. V. 
40. Dude ?) Williamsoni, F. v. 40 b; do. — 45. mp. 


41. ()maviaum, 2.9, F. v., 41 b; 4% . concaves, 


tee um 
42. All We above are magnified 400 diameters. 
43. Orthosira angulata, n.sp., F. V., 43 b; do. F. V. 


EXPLANATION OF PLATE XI. 


Fig. 49. Coscinodiseus centralis, Ehr. Fig. 53. — n. sp. 
— 50. Eupodiscus subtilis, n. sp., Ralfs. — 54& 54 b, eximius, n. sp. 
— 51, Campylodiscus saan th sp. — 55. limbatus, Bréb. 
— 52. pve Ralfsii (7) Sm. All the above are magnified 400 diameters. 


EXPLANATION OF PLATE XII. 
Fig. 56. Amphiprora posilla, 2 sp., F. V., 36 b, do. Pig. 64. nana, 2. op 


— macilenta, n. sp. 
— 57. — 66 angusta, n. sp. 
— 38. do. F. V. — 67 binodis, n. sp. 
— 39. ges lepidoptera, n. sp., F. V., 59 b; — 68&68b, ventricosa, n. sp. 
do., S. V., 59 c; do, peculiar|— 69 monilifera, n. sp. 
view. — 70 lineata, n. sp. 
— 60. ond obtusa, n. sp F. V. — 71 Ergadensis, n. sp. 
—. 61, 590 F. v., 61 b; do. — 72. lo vissima, n. sp. 
8 V. — 73. 1 n. sp., 73 b; half frus- 
— 62 & 62500) complexa, n. sp., F. V. entire; . tule of do. 
62 c do. half frustule, 62 d — 74, 74 b, & (Ae „74d; Amphora, qu. ? 
and 62 e; do. detached seg- 74e, a form of A. levis ? 
ments. All the above are magnified 400 diameters. 
— 63. Amphora turgida, n. sp. 


EXPLANATION OF PLATE XIII. 


Fig. 75 exigua, n. sp. Fig. 82. Amphora lyrata, n. sp. 
— 7% — — 83. Milesiana, n. sp. 
aie — — 84. elongata, n. sp. 
— 1765, — — 865. quadrata, n. sp. 
— * robusta, n. sp, 70 b and 70 ¢; half — 86. excisa, n. sp. 
55 frustules. — 87. nobilis. 
— 80.  spectabilis, n. sp.; 80 b; do. var. B, — 88. Greg. 
80 ¢; do. var. y; 80 d; do. view — 89. Grevilliana, Greg 
showing the complex strueture of the — 90.4; fasciata, n. sp. 
species ; S0 e; do. detached segment. — 91.9 comple xa, n. sp. 
— 81, 815, 81 | All the above are magnified 400 diameters. 
| 
le, 


EXPLANATION OF PLATE XIV. 


Fig. 93. Amphora acuta, n. sp., detached segment; Amphora granulata, n. sp., simple and 
93 b; do. pack of similar seg- | f 96, 96 b complex views of two 
ments. ig. frustules; 96 f, detached 

— 94. ... | crassa, n. 8p, 94 b, 94 c, and 94d; 96 d, segment; 96 ¢; form 

do. detached segments. qu? granu- 

lata ? 


sn 95495», { gon n. sp., simple and complex 
jews. 
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Amphora cymbifera, n. sp., simple | Fig. 105 
Fig. 97&97 and complex views, 97¢;| &105 Pleurosigma soversam, 2. Op. 
detached segment of do. | — 106. Sceptroneis Caduceus, Ehr. 
„  proboscidea, n. sp., simple | — 107. Synedra undulata, Greg. (Toxarium undula- 
— 984 98 and complex views, 98 c, tum, Bailey). Two specimens of the 
and 98 d; detached seg - 8. V. „the one straight, the other aro. 
mentsof do. uate. 
— 99. Amphora costata, Sm., detached segment. — 108. Hennedyana, n. sp.,8.V. 
— 100 & bacillaris, n. sp., simple and com- . 
100 b, plex views. 
— 101. Navicula (7) Libellus, n. sp., 101 b; do, edge APPENDIX. 
view. 
— 102. Nitzschia (1) panduriformis, n. sp. — 109. Creswellia (nov. gen.) ro n. sp., Arnott. 
— 105. pak distans, n. sp., 103 b, do. S. V. All the above are magnified 400 diameters. 
— 104. — hyalina, n. sp., 104 b, do. S. V. 
Postscript. 


While the preceding pages were passing through the press, I have been able 
to examine with care numerous specimens of most of the forms there described, 
and I wish here to modify to a small extent some of the views I have expressed. 
In every instance, I speak after the comparison of a very large number of fine 
examples. 

I. Naricula nebulosa, fig. 8. I wish to observe, that after a very carefui com- 
parison of this form with NV. Hennedyi, I have no longer any doubts as to its 
being a distinct species. I find it remarkably uniform in its characters, and par- 
ticularly in its oval form, with the ends on the whole broadly rounded, while it 
has a slight angularity in the middle, and a slight trace of acumination at the 
apices. It is equally uniform in the narrowness of the marginal band of striz, 
in the fineness of the striation, and in its very peculiar colour and nebulous ~ 
aspect. In all these points, V. //ennedyi differs from it, as I have stated. But 
while these points of difference appear trifling, and are difficult to express in 
words, I must observe, that there is no real resemblance between the forms, and 
that when, as often happens, both being frequent, they occur close together, and 
of equal size (though N. Hennedyi is usually a larger form), it is quite impossible, 
even under a low power, to confound them together, the whole aspect of the two 
forms being remarkably different. 

2. Navicula spectabilis, fig. 10. Having found, in certain densities, many very 
fine specimens of this form, I have to state, that it occurs of nearly twice the 
size of the individual figured, and that it is perfectly uniform in its characters. 

3. Navicula Bombus, Ehr., fig. 12. This form also has occurred abundantly in 
certain densities, and I am now quite satisfied that it is a distinct and well-marked 
species. In the description I have omitted to mention an important character, 
namely, that it is never, literally,—not in one out of thousands of examples sym- 


| 
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metrical. One-half is always more or less larger than the other, and the amount 
of surface on each side of the median line is unequal. This does not occur in any 
other panduriform Navicula, except only occasionally in M didyma, which can- 
not be confounded with the present species. V. splendida, N. incurvata, V. 
Musca, and N. (or P.) Pandura, are all remarkable for symmetry. In addition 
to this want of symmetry, which is invariable, it may be stated that, although 


several Naviculs, and even some of the panduriform group, vary a good deal in 


shape, there is no species which is more uniform in this respect than NV. Bombus. 

4. Navicula Smithii, var. G, fusca, fig. 15. A careful study of very numerous 
specimens, both of this form, and of that which I take to be the typical WV. 
Smithii, has now entirely satisfied me that V. fusca is truly a variety of NV. 
Smithii. But it must be added, that this, like the fresh-water VM. elliptica, is one 
of the most variable species, not only in form, but also in the striation, which 
varies from what may be called fine to exceedingly coarse; in colour, which 
varies from colourless to dark brown; and in general aspect. V. Smithii being 
usually destitute of the remarkable longitudinal ridge or shade on each side of 
the median line, so conspicuous in M. fusca. In all these points, a perfect grada- 
tion may be traced without difficulty. 

5. Navicula Smithii, var. , nitescens, fig. 16. Having found this form abun- 
dantly in one density, I have now come to the conclusion that it is no variety, 
but a distinct species. I find it perfectly uniform in all its characters, and the 
remarkable peculiarity of the median line, which is invariably a broadish white 
line with perfectly parallel sides; while that of N. Smithii, including V. fusca, 
is always doubly conical, being much broader in the middle, and forming a very 
acute point at each apex, seems effectually to separate it from that species. The 
shining aspect of the strize is also peculiar. 

6. Navicula Smithii, var. 5, suborbicularis, fig. 17. This form has also occur- 
red abundantly, and I am now able to state that it is so uniform in its characters, 


and so peculiar in its aspect, that it must be admitted as a distinct and well- | 


marked species. The only variation, except one to be presently mentioned, is in 
_ Size, as it now and then occurs of twice the length of the figure, or even more, in 
which case it is more oval in shape, though always very broad. But the peculiar 
structure about the median line, giving the appearance of two white, elliptical 
bands meeting in the nodule, or of one long elliptical band, suddenly constricted 
in the middle, seems to be quite invariable, and sufficient to distinguish it. The 
fact, also, that the striæ are hardly visible, except on a broad marginal band, 
where they are very conspicuous, having the shining aspect of those in N. nites- 
céas, though coarser than in that species, as well as the permanence of its very 


peculiar form, seem to indicate that it ought to be separated. Neither in this 
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form nor in the preceding, have I seen the slightest trace of any tendency to pass 
into M. Smithii, or into its variety N. fusca. 

I have, indeed, lately noticed one variety of the present form, namely, a pan- 
duriform variety, agreeing with the type in size, in general aspect, and in the pe- 
culiar median line. This I shall describe and figure on a future occasion. 

I may here add, that I shall also have to describe and figure another new form 
of Navicula, occurring abundantly with the preceding ones, which at first I was 
disposed to refer, like them, to V. Smithii. But I find it so uniformly peculiar, 
that I must separate it also. 

7. Denticula (:) levis, fig. 33. I have some reason to think that I have detected 
the S. V. of this species. The F. V. is frequent in some densities, but it would 
appear that the entire frustule is so much broader on the F. V., that it never lies 
on the S. V., and that the valves are never, or hardly ever, separated. Even when 
separate, the S.V. must be so very narrow, and perhaps so convex, that this side 
is not usuallyseen. In one case, however, where one of a group has been partly 
turned, I think I can see that the S. V. resembles in shape that of D. fulra, only 
smaller and narrower. 


I have also to add to the list of British species two forms, both remarkable, 
which occur in Lamlash Bay. 

These are,—1. Cocconeis Morrisiana, Sm., a very curious species lately found 
by Professor Surrn, I believe, in a gathering from the Levant or from the Black 
Sea. 2. Pleurosigma compactum, Grev.; described and figured by Dr GREVILLE, 
from Trinidad. I propose, in a future paper, to figure these two species as British 
forms. 
I have just now been able to add to the figures, one of the very remarkable 
detached segment of Amphora spectabilis, as described in the text. It will be 
found in Pl. XIII., fig. 70-4 80e 


28th May 1857. 
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CORRIGENDA. 


I have to request the reader's attention to the following corrections, which I wish to 
make in regard to some points in the preceding paper. 

1. The form represented in fig. 52, Plate- XI., as a modification of Campylodiscus Ral/sii, 
Sm., is, as I am now convinced, entirely distinct from that species, which in fact, occurs in 
some of the dredgings along with it; and, in addition to its being uniformly small, exhibits a 
very different aspect. Fig. 52 agrees with the description given by DR Bresisson of his 
C. decorus, and I have no doubt belongs to that species, which must therefore be added to 
the list of British Diatoms. 

2. Additional observations have satisfied me, that the form represented in fig. 95 e, 
Plate XIV., is not a form of Amphora granulata, but an entirely distinct species, to be more 
fully described at a future time. 

3. I wish to mention, that although I cannot see any reason to separate the two forms, 
represented in figs. 80 b, and 80 c, Plate XIII., from Amphora spectabilis, fig. 80, so far as the 
simple view of the latter is concerned, I have not yet been able to trace the complex structure 
of A. spectabilis, shown in fig. 80 d, in these smaller forms. Whether this is because I have 
not yet employed the highest powers of the microscope for this purpose, since these small 
forms have much finer markings than the larger one, or whether the complex structure 
occurs in the larger alone, while the smaller remain always simple; or whether, finally, the 
two smaller forms belong to a different species, are questions which I cannot yet answer. 

4. Having, by the kindness of Dr A. S. Donkin; of Morpeth, been enabled to examine a 
most interesting marine gathering made by him, in which several of the forms described in 
this paper, as well as several of those yet to be described as occurring in the Clyde, are met 
with, I have now to state, that I find Amphora Grevilliana in that gathering, with almost 


exactly the form and aspect of Amphora compleza, fig. 90, Plate XIII., while detached seg- 


ments also occur, evidently belonging to it, and having the straight dorsal margin, but yet in 
all other points agreeing with those of A. Grevilliana, as shown in fig. 36*, of my third plate 
of Glenshira forms, and as seen in the present paper in the entire A. Grevilliana, fig. 89, Plate 
XIII. I have therefore to withdraw A. complexa as a distinct species, and to request the 
reader to consider the figure (fig. 90), as representing one view of a straight-sided form of 


A. Grevilliana. In this variety, as seen in Dr Donkin’s gathering, and as I have also 


observed in the Glenshira Sand and in the Clyde, the detached segments are much narrower 

than when the dorsum is convex. I have specimens of the convex segments, from the Clyde, 

nearly three times as broad as Dr Doxkix's, with the straight dorsum. I would further 

observe, that in all probability, fig. 89 represents a frustule, or possibly a half-frustule, 

viewed from the flat or concave side, while the frustule in fig. 90 is seen from the convex 

side, so that the flat-lying lateral segments are not so distinctly scen. I must remind the 
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reader also, that the names and descriptions of figs. 90 and 91, A. Complewa, and A. fasciata, 
have by some mistake been transposed, as stated in the errata, which I did not discover till 
it was too late to correct it. Whether A. fasciata, fig. 91, shall also prove a form of 4. 
Grevilliana, for which I gave it in my last paper on the Glenshira Sand, I cannot at present 
determine. 

5. The form represented in fig. 74 d, Plate XII., is, as I am now quite satisfied, entirely 
distinct from Amphora laevis, and must be hereafter described as a new species. 

6. I have been able to introduce, at fig. 68 c, Plate XII., a figure of the remarkable 
detached valve of Amphora ventricosa, which resembles a very slender Cymbella, and 
occurs even longer and narrower than in the figure. In one dredging, I find it tolerably 
frequent. | 

7. In the dise of Coscinodiscus centralis, Ehr., as represented in fig. 49, Plate XI., the 
central cells are shown considerably larger than is usually the case in the specimens which I 
have of this Diatom. Indeed the cells, in the figure, are more like what is seen in the centre 
of C. Asteromphalus, Ehr., and the question arises, whether the specimen figured may not be- 
long to the last-named species, or whether these two species may not, in reality, be essentially 
one and the same. In a large number of specimens of C. centralis which I have lately 
examined, the central.cells are invariably but a little larger than the rest, so that the form 
represented in fig. 49, if it be C. centralis, and I see no other difference, must have been, in 
this respect, abnormal. I may add, that in these beautiful discs, some of which are consider- 
ably larger than the one figured, the cells are distinctly arranged in spiral lines, as in engine- 
turning, and as is seen also in C. radiatus. This character is but slightly indicated in the 
figure. 


W. G. 


let August 1857. 
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EXPLANATION OF PLATE IX. 


Claviculus, n. sp., S. V. x 800. 
S. V. x 400. 


Fig. 16. Navicula Smithii, var. y, nitescens. 
Smithii 


. „ var. 8, suborbicularis. 
18&18b, maxima, Greg., S. V. and F. V. 
19. Pinnularia subtilis, n. sp. 

20.  rostellata, n. sp. 

and ura, Bréb., var. g. elongata. 
23. Cocconeis distans, | 

24. ornata, n. sp. 

25. dirupta, n. sp. 

26. nitida, n. sp. 

3 pseudomarginata, n. sp. 

28. major, n. sp. 


1. Navicula minor, n. sp. 
8 Cluthensis, n. sp. 
3.  inconspicua, n. sp. — 
brevis, n. sp. — 
— © wx Musca, n. sp. — 
— 7. rectangulata, n. sp. — 
nebulosa, n. sp. — 
= K — Barclayana, n. sp. — 
— 10. spectabilis, n. sp. — 
— II. praetexta, Ehr. — 
— Bombus, Ehr. — 2. n. Sp. 
— Lyra, Ebr. All the above, except figs. 5 and 5 b, are magnified 
— Lyra, var. B. | 400 diameters. 
— Smithii, var. B, fusca. 
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EXPLANATION OF PLATE X. 


Fig. 30. Denticula (?) 3 


— 31. (?) capitata, n. sp. 
— Aa (?) ornata, n. sp.- 

33 „levis. 
— 34. nana, n. sp., F. V. 34 b; do. S. V. 
— 35, 38 b. 4 

35 ¢, } minor, n. sp., F. V. 35d; do. S. V. 
— 36. distans, n. ep., F. V. 36 b; do. S. V. 


— — 37&37b,.. .staurophora, n. sp., F. V. 7e: do S. V. 
38. flulva, n. F. V. 386; do. S. V. 
— 39. marina, n. sp., 39 b; do. S. V. 
All 


‘the above are magnified 400 diameter 


Fig. 40. Diadewis () Williamson, 40 b; do. 


41. Movin?) 41 b; do. 


42. 8 cruciata, Ehr. 
43. Orthosira angulata, n. sp., F. V., 43 b; do. F. V. 
44. Melosira (7 ‘or Coscinodiscus () qu. (?) sp. (?) 


45. u. ep. 
46. ees punctulatus. n. sp 
— concavus, Ebr. 


umbonatus, n. sp. 
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EXPLANATION OF PLATE XI. 


Fig. 49. Coscinodiscus centralis, Ehr. 

— 50. Eupodiscus subtilis, n. sp., Ralfs. — 54& 54b,. eximius, n. sp. 

— 51. Campylodiscus centralis, n — 55. 15 limbatus, Bréb. 

— 32. me Ralfsii (?) Sm. All the above are magnified 400 diameters. 
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EXPLANATION OF PLATE XII. 


Fig. 56. sp., F.V., 366; do. 

am OF. . plicata, n. sp., F.V. 

— 58. as elegans, Sm. S. V., 58 b; do. F. V. 

— 39. * lepidoptera, n. sp., F. V., 59 b; 
do., S. V., 59 ¢; do. peculiar 
view. 

— 60. * obtusa, n. sp., F. V. 

— 61. Greg., F. V., 61 b; do. 


— 62 & 62 b 070 complexa, n. sp., F.V. entire; 
62 ¢ ; do. hal frustule, 62 d 
and 62 ¢; do. detached seg- 


ments. 
— 63. Amphora turgida, n. sp. 


— 


64. Amphora nana, n. sp. 

CB. ase macilenta, n. sp. 
66. angusta, n. sp. 
binodis, n. sp. 
68 & 686, ventricosa, n. sp. 
9 monilifera, n. sp. 
70. lineata, n. sp. 
8 Ergadensis, n. sp. 
— lo vissima, n. 

3. 


5p. 
pellucida, n. sp., 73 b; half frus- 
tule of do. 


74, 74 b, & { levis, n. 8p., 74 d; Amphora, qu. ? 
740, a form of A. levis? 
All the above are magnified 400 diameters. 
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EXPLANATION OF PLATE XIII. 


oblonga, n. 


sp. 
robusta, n. sp., 79 b and 79 c; half 
frustules. 


spectabilis, n. sp. ; 80 b; do. var. 8, 
80 ¢; do. var. y; 80 d; do. view 
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species ; 80; do. detached segment. 
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Fig. 75. Amphora exigua, n. sp. n. b. 
— 76. dubia, n. sp. n. sp. 
— 77. truncata, n. p. n. Sp. 
— 78 & 78 b, | n. sp. 
— 79. | n. sp. 
— 80. Greg. 
| j 9 Greg. 
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EXPLANATION OF PLATE XIV. 


er segment ; 
* pack of similar seg- 


do. detached segments. 
we. 


96 f, detached segment; 96 6; 
form qu.? allied to A. granu- 
lata ? 


simple and com- 
plex views, 97e; detached seg - 
ment of do. 

dea, n. sposimple and com- 
plex views, 98 c, and 98 d; 
detached segments of do. 
oostata, Sm., detached segment. 


comple vere and 
100 b, views. 


101. Navicula (7) Libellus, n. sp., 101 b; do, edge 
view. 


102. Nitzschia () panduriformis, 


Sp. 
— 106. distans, n. sp., 103 b, do. S. V. 
— 104. _ hyalina, n. sp., 104 b, do. S. V. 


— 107. Synedra (Toxarium undula- 
tum, Bailey). Two specimens of the 


8. V. , the one straight, the other aro- 
uate. 


—108. ... Hennedyana, n. sp., S. V. 
APPENDIX. 


— 109. Creswellia (nov. gen.) Turris, n. sp., Arnott. 
400 diameters. 


All the above are magnified 400 
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XXXIL—On the Urinary Secretion of Fishes, with some Remarks on this Secre- 
tion in other Classes of Animals. By Joun Davy, M.D., F.R.SS. Lond. and 
Edin.. &c. 


Notwithstanding the progress made of late years in animal chemistry in con- 
nection with comparative anatomy, I am not aware of any observations that have 
yet been published on the urinary secretion of fishes. The neglect of this inquiry 
probably has arisen from several circumstances,—the nature of the element in- 
habited, the peculiarities of the urinary organs, the difficulty of collecting the 
matter voided, and its having no well-marked distinctive qualities obvious to the 
senses. 


For some years, as leisure and opportunities offered, I have given attention 


to the subject, and in the paper which now I have the honour to submit to the 
Society, I beg to communicate the observations I have made. Few and im- 
perfect as these are, they are given mainly with the hope of attracting notice to 
the inquiry and of inducing others more favourably situated to engage in its 
prosecution. | 

The fishes I have examined in search of their urinary secretion have been the 
following,—the salmon, sea-trout, charr, common trout, pike, and perch; the 
skate, ling, conger, cod, pollack, haddock, turbot, bream, and mackerel. 

Of these the salmonide, pike, perch, ling, and ray, have a small urinary blad- 
der; and in all but the last communicating directly with the kidneys. In the 
last mentioned, the ray, the communication appears to be indirect, after the 
manner observable in some of the batrachians, in which the ureters terminate in 
the cloaca. 

The other fishes named seem to be destitute of a urinary bladder, or, if pos- 
sessed of one, it was so small as to have escaped observation. The ureter in 
these, when distinct, was found to terminate near the verge of the anal aperture ; 
in several instances it was so large and dilated as to serve the place of a bladder. 

In the small urinary bladder of the salmonidz (so small as to be little more 
than rudimentary), I have never found any fluid collected. In the bladder of a 
trout (Salmo fario) taken in June, in Windermere, when in highest condition, 
there was seen a little whitish mucus-like matter. Tested by nitric acid and heat 
properly graduated, it became yellow, without the slightest purplish tinge, indi- 
cative of the presence of lithic acid. : 

The urinary bladder of the perch Perca fluviatilis) is larger, and internally pli- 
cated and spongy, and has been found to contain a fluid. In that of one,—a fish, 
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weighing about a pound and a half, taken in the same lake, and in the same 
month as the trout,—there was a little mucus-like matter suspended in its fluid 
contents. The fluid was rendered turbid by admixture with alcohol. It cleared 
on rest, from the subsidence of the precipitated matter. The clear solution, de- 
canted and evaporated gently, yielded crystals approaching in form those afforded 
by a weak solution of muriate of ammonia similarly treated. Redissolved on the 
addition of a minute portion of nitric acid, and again evaporated, crystalline 
plates were obtained very like those of the nitrate of urea. Subjected to the 
temperature required for detecting the presence of lithic acid, the result was ne- 
gative,—the hue produced was yellow, without the slightest tinge of purple: — 
and the mucus-like matter similarly tested afforded a like result. 

The urinary bladder of the pike (Zsoz lucius) is very small. I have always 
found it empty. In the ureter* of one of about two pounds, taken in Winder- 
mere in May, a few delicate yellowish flakes were detected. These, under the 
microscope, exhibited no characteristic appearance; acted on by dilute nitric 
acid, however, they were in great part dissolved; and when evaporated with a 
graduated heat to dryness on a support of thin glass, the purple stain distinc- 
tive of lithic acid was produced, and it was so strong, that it coloured a propor- 
tionally large quantity of water. 

The ling (Lota molva) has a comparatively large urinary bladder. From the 
bladder of one,—a fish of about four feet long, taken in the Mount’s Bay, in Corn- 
wall, in the month of June,—a small quantity, about a drachm, of nearly colour- 
less fluid was obtained, in which a few flakes resembling lymph were sus- 
pended. These flakes were tested for lithic acid, but with a negative result. 
The fluid was coagulated by heat, by nitric acid, and by alcohol, indicating the 
presence of a notable proportion of albumen. The alcoholic solution, after the 
separation of the precipitated albumen, evaporated to dryness at a low tempera- 
ture, yielded, after the addition of a minute portion of nitric acid, crystals which, 
seen under the microscope—they were too small to be seen without this aid— 
resembled so closely those of nitrate of urea, that I had little hesitation in coming 
to the conclusion that they were this compound. 

The common ray (Raia batis) is provided with two small bladders, each dis- 
tinct, and neither of them communicating directly with the kidneys. In a male, 
examined in November, they were found distended with a nearly colourless lim- 
pid fluid, in which, placed under the microscope, were seen many small globules, 
and a few spermatozoa. This fluid, evaporated at a low temperature, yielded a 
colourless residue, in which were minute crystals of common salt; and, acted on 


* Professor Owen, in his Lectures on the Comparative Anatomy of the Vertebrate Animals 
(Part i., p. 223), describes the bladder of the pike as communicating with the kidneys by a single 
common ureter; in most instances I have found the communication such, but in one fish, one of 
six pounds, it was by two. . 
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by alcohol and nitric acid, indications were afforded of the presence also of a little 
albumen and urea, but without any trace of lithic acid. 

Of the fishes before named, destitute of a urinary bladder, the ureter, in the 
instance of the haddock (Morrhua eglefinus), of the cod (Morrhua vulgaris), of 
the pollack (Merlangus pollachius), of the turbot (Rhombus maximus), was found 
so capacious, that it might answer the purpose of a receptacle or bladder. In 
each its inner surface was wet; but only in one, that of the turbot, was there any 
fluid collected. The quantity obtained, by cutting out the duct, after a ligature 
had been passed above and below, was about ten drops. It was colourless, not 
quite clear, and had suspended in it a few white flakes. These were not dissolved 
by nitric acid, nor did they, when the acid was evaporated by heat, afford any 
the slightest indications of lithic acid. The residue was yellow; nor could urea 
be detected in the minute portion of fluid. : | 

Of the bream (Pagillus centrodontus), the ureter is narrow, and of little ca- 
pacity; as is also that of the conger (Conger vulgaris), and that of the mackerel 
(Scomber scombrus). Of all three the ureter was found merely moist—wet—as if 
a fluid had passed; in neither could any solid matter be detected. At the ter- 
mination of the ureter of the bream a minute portion of whitish matter was 
seen adhering, suggesting lithate of soda or ammonia, but not confirmed when 
tested; for, when acted on by nitric acid and heat, the colour acquired was yel- 
low, without the slightest tinge of purple. 

I may mention, generally, that in most ofthe fishes, the names of which have 
been given, I did not omit examining the cloaca, but with results so unsatisfac- 
tory, that they might be said to have been negative. Often there was an ap- 
pearance as if of the presence of an alkaline lithate; but, when tested, it was 
found to be different, and the matter chiefly intestinal excrement. In the in- 
stance of one only, and that a sea-trout (Salmo trutta), was a trace of urea indi- 
cated, judging from the form of the minute microscopic crystals obtained on eva- 
poration, after treatment with alcohol and nitric acid. | 

I may also mention, generally, that in each fish I carefully inspected the struc- 
ture of the kidneys; but without success as to the finding of any matter conspi- 
cuous to the eye, such as is commonly seen in the same organs in the instance of 
serpents and lizards, viz., the opaque lithate. | 

In one instance only, that of the haddock, have I examined these organs che- 
mically. The result, too, was negative. The trial was made, first by digesting 
the kidneys in alcohol, decanting the clear spirit, evaporating it at a low tempe- 
rature, and to the concentrated extract obtained adding nitric acid; secondly, 
by digesting the organs with aqua ammoniz, filtering the solution, and testing 
the little extract obtained by nitric acid and heat. | 

If any conclusions are permissible from the preceding few and imperfect ob- 

servations, I would venture to submit the following: Ist, that the urinary secre- 
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tion of fishes is very limited as to quantity; 2dly, that it is commonly liquid; 
3dly, that the nitrogenous compound eliminated is variable, —either urea or a 
lithate (the latter probably very seldom), or some nearly allied compound of 
azote. 

A brief glance at this secretion in other classes of animals may here not be 
out of place, as bearing on these conclusions. I need not dwell on the import- 
ance of the urinary secretion, denoted by its generality, and how, in all the great 
divisions of the animal kingdom in which it has hitherto been examined, viz., 
the mammalia, birds, reptiles, insects, spiders, the mollusca, it has been found to 
consist chiefly of compounds abounding in nitrogen, authorizing the commonly- 
received conclusion that the secerning organs are depurating in their function, 
and the main channel by which the excess of this element (nitrogen) is removed 
from the system. 

The differences however compatible with this intent, — differences in the 
nature of the secretion,—are not a little remarkable. I allude merely to the qua- 
lity—to the chemical ingredient; and they seem to be regulated more by the 
structure of the urinary apparatus, or secerning vessels, than by any other cir- 
cumstance, not even excepting the kind of diet, whether animal or nn or 
an admixture of the two. 

In the mammalia, provided with an ample urinary bladder, the el secre- 
tion is seen to be entirely liquid, and the principal ingredient, so far as it has yet 
been determined, always soluble urea: Such it has been found to be in man; such 
in the carnivorous animals; such in the herbivorous; with the addition, in that 
of some of them, of the hippuric acid. 

In birds, on the contrary, and in those reptiles which, like them, are desti- 
tute of a urinary bladder, viz., snakes and lizards, invariably the secretion, judg- 
ing from my own pretty extended. experience, is chiefly solid,—a soft, plas- 
tic one, owing its consistence to admixture with water, and composed princi- 
pally of lithate of ammonia and lithic acid. Yet in others of the latter class, 
which have a receptacle corresponding to the urinary bladder, and destined to 
hold the secretion,* the secretion is fluid, as in the instance of the toads and 
frogs; and the nitrogenous matter eliminated is again the soluble urea. The 
same remark applies to the tortoises, with this difference, that sometimes, though 
their food be vegetable solid matter, flakes of a lithate are occasionally found 
suspended in the fluid contents of their urinary bladder. 

In insects, also in spiders and scorpions, all which, it is presumed, 10 no 


* Whether this receptacle be considered. —as it is by Mr T. R. Joxxs, in his General Outlines of 
the Animal Kingdom (p. 585)—the unobliterated remains of the allantois, or a true urinary bladder, 
its primary use, I apprehend, can hardly now be questioned, since all the later examinations that 
have been made of the fluid contained in it prove that in composition it is urinous, as stated above: 
whether, in the instance of the frog, it may not subserve to aid, as some distinguished physiologists 
suppose, by transpiration in keeping the skin duly moist, is open to question. 
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receptacle for the secretion but the cloaca, we find it in consistence analogous to 
that of birds, snakes, and lizards, a soft solid; in insects, as far as my observa- 
tions have extended, and they have been numerous,“ it is composed chiefly of an 
alkaline lithate ; but in the others, the spiders and scorpions, of guanine. Tf 

Of the secretion in the mollusca, also without a urinary bladder, I can ven- 
ture to say little. In two instances I have found it to be lithic acid; the indivi- 
duals in the excrement of which I detected this compound were our common 
slug (Lima agrestis), and the large snail of Tobago (Helix oblonga ?). 

Of animals lower in the organic scale, the only ones I have examined with 
any positive result have been two of the Myriapoda,—the common centipede of 
the West Indies (Scolopendra morsitans), and our millipede (Julus terrestris), the 
one voracious, feeding on insects, the other feeding on vegetable matter. In the 
mixed excrement of the scolopendra, lithate of ammonia in abundance was de- 
tected; t but in that of the millipede, merely a trace of lithic acid. 

In this brief notice of the urinary secretion in the several classes of animals 
mentioned, I have, as I premised, taken notice only of its principal ingredient; I 
would further beg to remark, that in stating that the quality of the secretion is 
independent of the quality of the food, I would wish to be understood as not 
holding the opinion that it is not in some measure modified by the kind of food,— 
especially as regards the quantity of matter eliminated. As might be expected, 
the larger the proportion of nitrogen in the food consumed, the larger, ceteris pa- 
ribus, seems to be the quantity of the nitrogenous compound excreted, and vice 
versa. Moreover, when the food is entirely vegetable, there seems to be in some 
instances a tendency towards the production of the hippuric acid rather than of 
the lithic. MM. Macnon and LEHMANN have found this compound in the urine of 
the tortoise feeding on lettuce; and have found it mixed with lithic acid in the 
urine of caterpillars feeding exclusively on vegetables,—a result which accords 
with my own experience. 

In the animal economy we see commonly, amongst the different classes of 
animals, a certain relation and accordance of functions conducive in action to 
the elaboration and wellbeing of each individual structure. Such a relation is 
manifest between the kidneys and the lungs ; the former the depurator of nitro- 

* Trans, Ent. Society, vol. iii., N. 8. 

+ When I first examined the excrement of spiders and scorpions in 1847-1848, operating on 
minute quantities, I inferred that it consisted chiefly of xanthic oxide : Guanine was not then known. 
Since its discovery by Bopo Uncesr, I have re-examined portions of the excrement of each, which I 
brought from the West Indies, and have satisfied myself that the principal ingredient of both is this 
compound; I have also found it, in accordance with the researches of WIIL and Gorur-Bzsayzz, 


to form the chief portion of the excrement of our spiders, The very low degree in which this excre- 


ment is soluble in cold muriatic acid may account for its having been first confounded with the 
xanthic oxide. 


Edin. Phil. Jour., vol. xlv. p. 38 
LexMaNn’s Physiological — vol. ii., p. 458. 
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gen, as much as the latter is of carbonic acid. How strongly is this exemplified 
in birds ;—of high temperature, consuming much atmospheric air, evolving much 
carbonic acid,—their urinary secretion, also, is remarkably abundant, and abound- 
ing in nitrogen.* And in other classes of animals, such as insects in their seve- 
ral stages, such as serpents and lizards, and the hybernating ones of different 
classes, whether active or torpid, a like accordance, though perhaps not so 
strongly shown, is yet clearly observable. 

Reasoning hence, guided by analogy, might it not be expected that in the in- 
stance of fishes, inasmuch as their temperature is low, and the quantity of car- 
bonic acid evolved small, that their urinary secretion also would be small—pro- 
portionally small? And, granted that it is so, as the results of the experiments 
described would seem to indicate, does it not lead to another conclusion, viz., 
that subsisting, with few exceptions, exclusively on animal food, this their food, 
under the influence of a high digestive power, is almost entirely assimilated, and 
that no more is expended on the urinary secretion than is requisite to balance 
the small amount consumed in carrying on the aérating process? And if this be 
admitted, does it not help to explain some of their peculiarities,—their remark- 
able rapidity of growth when supplied with abundance of food,—their little 
waste of substance when sparingly supplied, and their long endurance without 
loss of life, under a total, or nearly total, privation of aliment? 

The history of the salmon and its congeners, which of late years has been so 
carefully and successfully studied, might be adduced in illustration,—exem- 
plifying, Ist, The great activity and power of the organs carrying on the digestive 
functions,—the stomach itself of the captured fish, with the parietes adjoining, 
being found more or less dissolved by the action of the gastric juice in the short 
space of a few hours, and in being always found empty in the migrating fish ; 
2dly, The extraordinary increase in weight during the short sojourn of the young 
salmon in the sea, when, without stint of food, it passes from the smolt stage of 
growth to that of the grilse; and, 3d/y, The comparatively very slow growth of 
the young salmon in its parr stage, during the months of winter and early spring, 
when its food is scarce. | 


Lesxetn How, Dec. 1, 1856. 


* I may mention as an instance the swallow, feeding like the trout, when the food of the latter 
is chiefly insects, and, as regards the secretion in question, showing a remarkable difference. From 
the nest of a pair I had an opportunity of observing, the young of which were only a few days old, 
the droppings on a flag-stone beneath, in one day, were as many as forty-five; those collected and 
dried thoroughly weighed 78-3 grains; the following day, the droppings were seventy. They con- 
sisted chiefly of lithate of ammonia with a little urea, and of the indigestible remains of insects,—the 
urinous portion by far the largest. The excrement, it may be inferred, was chiefly from the young 
birds, as the parent birds were almost constantly on the wing providing food, How large in quan- 
tity was this excrement in comparison with the bulk of the birds! I have found an old swallow to 
weigh only about 300 grains, and when thoroughly dried no more than 105 grains, so that the 
amount of excrement in two days exceeded considerably in weight one of the old birds! 
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XXXIIL—On the Minute Structure of Involuntary Muscular Fibre. By Josxrn 
Lister, Esq., F.R.C.S. Eng. and Edin., Assistant-Surgeon to the Royal 
Infirmary, Edinburgh. Communicated by Dr Curistison. 


(Read 1st December 1856.) 


It has been long known that contractile tissue presents itself in the human 
body in two forms, one composed of fibres of considerable magnitude, and there- 
fore readily visible under a low magnifying power, and marked very character- 
istically with transverse lines at short intervals, the other consisting of fibres 
much more minute, of exceedingly soft and delicate aspect, and destitute of trans- 
verse striæ. The former variety constitutes the muscles of the limbs, and of all 
parts whose movements are under the dominion of the will; while the latter | 
forms the contractile element of organs, such as the intestines, which are placed 
beyond the control of volition. There are, however, some exceptions to this 
general rule, the principal of which i is the heart, whose sealer are a variety of the 

striped kind. 
: Till within a recent period the fibres of unstriped or involuntary muscle were 
believed to be somewhat flattened bands of uniform width and indefinite length, 
marked here and there with roundish or elongated nuclei; but in the year 1847, 
Professor KOLLIiker of Würzburg announced that the tissue was resolvable into 
simpler elements, which he regarded as elongated cells, each of somewhat flat- 
tened form, with more or less tapering extremities, and presenting at its central 
part one of the nuclei above mentioned. These “ contractile” or “ muscular 
fibre-cells,” as he termed them, were placed in parallel juxtaposition in the tissue, 
adhering to each other, as he supposed, by means of some viscid connecting sub- 
stance. In the following year the same distinguished anatomist gave a fuller 
account of his discovery in the Ist volume of the Zeitschrift fiir Wissenschaftliche 
Zoologie, and described in a most elaborate manner the appearances which the 
tissue presented in all parts of the body where unstriped muscle had been pre- 
viously known to occur, and also in situations, such as the iris and the skin, 
where its existence had before been only matter of conjecture, but where the cha- 
racteristic form of the fibre-cells, and of their “‘ rod-shaped” nuclei had enabled 
him to recognise it with precision. Confirmations of this view of the structure 
of involuntary muscular fibre were afterwards received from various quarters, 
one of the most important being the observation made in 1849 by Reicuerr, a 
German histologist, that dilute nitric or muriatic acid Joosens the cohesion of the 
fibre-cells, and enables them to be isolated with much greater facility. In 1852. 
wrote a paper “ On the Contractile Tissue of the Iris,” published in the Micro- 
VOL. XXI. PART IV. | | | 71 
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scopical Journal, in which I gave an account of the involuntary muscular fibre 
contained in that organ in man and some of the lower animals, stating that the 
appearances I had met with corresponded exactly with KOLiIKEr’s descriptions, 
and illustrating my remarks with careful sketches of several fibre-cells from the 
human iris, isolated by tearing a portion of the sphincter pupillæ with needles in 
a drop of water. In 1853, another paper by myself appeared in the same Jour- 
nal. On the Contractile Tissue of the Skin,” confirming KOLLIKER’s recent dis- 
covery of the “arrectores pili,” and describing the distribution of those little 
bundles of unstriped muscle in the scalp. These and other investigations into the 
involuntary muscular tissue convinced me of the correctness of KOLLIKER’s obser- 
vations, and led me to regard his discovery as one of the most beautiful ever 
made in anatomy; and this is now, I believe, the general opinion of histologists. _ 
Still, however, there are those who are not yet satisfied upon this subject. In 

MiiLLer’s Archives for 1854, is a paper by Dr J. F. Mazonn of Kiew, in which the 
author expresses his belief that the muscular fibre-cells of KOLLIKER are created 
by the tearing of the tissue in preparing it, and denies the existence of nuclei in 
unstriped muscle altogether ; but he gives so very obscure an account of his own 
ideas respecting the tissue, that his objections seem to me to carry very little 
weight, more especially as the appearances which he describes require, according 
to his own account, several days’ maceration of the muscle in acid for their . 
development. In June of the present year (1856), Professor ELLIs of University 
College, London, communicated to the Royal Society of London a paper entitled 
“ Researches into the Nature of Involuntary Muscular Fibre.” In the ab- 
stract given in the “ Proceedings” of the Society, recently issued, we are informed 

that, having been unable to confirm the statements of Professor KOLLIKER re- 
cspeeting the cell-structure of the involuntary muscular fibre, the author was in- 
duced to undertake a series of researches into the nature of that tissue, by which 
he has been led to entertain views as to its structure in vertebrate animals, but 
more especially in man, which are at variance with those now generally received.” 
In the summary of the conclusions which the author has arrived at,“ we find the 
following: In both kinds of muscles, voluntary and involuntary, the fibres are 
long. slender, rounded cords of uniform width ....” “ In neither voluntary nor 
involuntary muscle is the fibre of the nature of a cell, but in both is composed 
of minute threads or fibrils. Its surface-appearance, in both kinds of muscle, 
allows of the supposition that in both it is constructed in a similar way, viz., 
of small particles or sarcous elements,” and that a difference in the arrangement 
of these elements gives a dotted appearance to the involuntary, and a transverse 
striation to the voluntary fibres.“ On the addition of acetic acid, fusiform or 
rod-shaped corpuscles make their appearance in all muscular tissue ; these bodies, 
which appear to belong to the sheath of the fibre, approach nearest in their charac- 
ters to the corpuscles belonging to the yellow or elastic fibres which pervade va- 
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rious other tissues; and from the apparent identity in nature of these corpuscles 
in the different textures in which they are found, and especially in voluntary, as 
compared with involuntary muscle, it is scarcely conceivable that in the latter 
case exclusively they should be the nuclei of oblong cells constituting the proper 
muscular tissue.” | 

Mr E.1is, then, agrees with Mazonn in believing that the tapering fibre-cells 
of KoLLIKER owe their shape to tearing of the tissue; and he regards the nuclei as 
mere accidental accompaniments of the proper muscular structure, probably be- 
longing to the sheath of the fibres, which, according to him, are of rounded form 
and uniform width. 

The distinguished position of Mr ELLs as an anatomist makes it very desirable 
that his opinion on this important subject should be either confirmed or refuted, 
and the object of the present paper is to communicate some facts which have re- 
cently come under my observation, and which, I hope, may prove to others as 
unequivocally as they have done to myself, the truth of KölLikEn's view of this 
question. 

In September last, being engaged in an inquiry into the process of inflamma- 
tion in the web of the frog’s foot, I was desirous of ascertaining more precisely 
the structure of the minute vessels, with a view to settling a disputed point re- 
garding their contractility. 

Having divided the integument along the dorsal aspect of two contiguous toes, 
I found that the included flap could be readily raised, so as to separate the layers 
of skin of which the web consists, the principal vessels remaining attached to the 
plantar layer. Having raised with a needle as many of the vascular branches as 
possible, I found, on applying the microscope, that they included arteries of ex- 
treme minuteness, some of them, indeed, of smaller calibre than average capilla- 
ries. A high magnifying power showed that these smallest arteries consisted of 
an external layer of longitudinally arranged cellular fibres in variable quantity, an 
internal exceedingly delicate membrane, and an intermediate circular coat, which 
generally constituted the chief mass of the vessel, but which proved to consist of 
neither more nor less than a single layer of muscular fibre-cells, each wrapped in 
a spiral manner round the internal membrane, and of sufficient length to encircle 
it from about one-and-a-half to two-and-a-half times. Fig. 18. (Plate XV.) repre- 
sents one of these vessels as seen under a rather low power, and shows the ge- 

neral spiral arrangement of the fibres of the middle coat. Fig. 19. is a camera 
lucida sketch of the same artery highly magnified, in which I have for the most 
part traced the outline of the fibres on the nearer side of the vessel only, but 
one fibre-cell is shown in its entire length wrapped round nearly two-and-a-half 
times in a loose spiral. In some other vessels the muscular elements were 
arranged in closer spirals, as in figs. 20 and 21. They are seen to have 
more cr less pointed extremities, and are provided with an oval nucleus at 
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their broadest part, discernible distinctly, though somewhat dimly, without the 
application of acetic acid. The tubular form of the vessels enables the observer, 
by proper adjustment of the focus, to see the fibre-cells in section; they are then 
observed to be substantial bodies, often as thick as they are broad, though the 
latter dimension generally exceeds the former. Here and there a nucleus is 80 
placed in the artery as to appear in section with the fibre-cell, as shown in figs. 
20, 22, and 23. The section of the nucleus is in such cases invariably found sur- 
rounded by that of the substance of the fibre-cell, though occasionally placed ec- 
centrically in it. From the circular form of its section the nucleus appears to be 
cylindrical. These fibre-cells are from 3% inch to =; inch in length, from 
zee inch to % inch in breadth, and about % inch in thickness, mea- 
surements on the whole rather greater than those given by KoLLiker for the hu- 

man intestine, the chief difference being that in the frog’s arteries they are some- 
what broader and thicker. 

Now, the middle coat of the = arteries is universally admitted to be com- 
posed chiefly of involuntary muscular fibre; but in the vessels just described it 
consists of nothing whatever else than elongated, tapering bodies, corresponding 
in dimensions with KoLLIKEr’s fibre-cells, and each provided with a single cylin- 
drical nucleus embedded in its substance. Considering, then, that no tearing of 
the tissue had been practised in the preparation of the objects, but that the parts 
were seen undisturbed in their natural relations, it appeared to me that the sim- 
ple observation above related settled the point at issue conclusively. 

It was, however, suggested to me by an eminent physiologist, that the various 
forms in which contractile tissue occurs in the animal kingdom forbid our 
drawing any positive inference regarding the structure of human involuntary 
muscle from an observation made on the arteries of the frog. Being anxious 
to avoid all cavil, and understanding that Mr ELLIs's researches had been 
directed chiefly to the hollow viscera, I thought it best to examine the tissue 
in some such organ. For this purpose I obtained a portion of the small intes- 
tine of a freshly killed pig, selecting that animal on account of the close ge- 
neral resemblance between its tissues and those of man. The piece of gut hap- 
pened to be tightly contracted, and on slitting it up longitudinally, the mucous 
membrane, which was thrown into loose folds, was very readily detached from the 
subjacent parts. I raised one of the thick, but pale and soft fasciculi of the cir- 
cular coat, and teased it out with needles in a drop of water, reducing it without 
difficulty to extremely delicate fibrils. On examining the object with the micro- 
scope, I found that it was composed of involuntary muscular fibre, almost entirely 
unmixed with other tissue, reminding me precisely of what I had seen in the hu- 
man sphincter pupillæ, except that the appearances were more distinct, espe- 
cially as regards the nuclei, which were clearly apparent without the application 
of acetic acid. Several of the fibre-cells were isolated in the first specimen I ex- 
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amined, each one presenting tapering extremities about equidistant from a single 
elongated nucleus. The fibre-cells were of soft and delicate aspect, generally ho- 

mogeneous or faintly granular, with sometimes a slight appearance of longitudinal 
striz, such as is represented in fig. 4. 

I had now seen enough to satisfy my own mind that the involuntary muscu- 
lar fibre of the pig’s intestine was similarly constituted with that of the human 
iris and the frog’s artery: but before throwing up the investigation, I thought it 
right to examine carefully some short, substantial-looking bodies of high refractive 
power, which at first sight appeared, both from their form and the aspect of 
their constituent material, totally different in nature from the rest of the tissue. 
Several of these bodies are represented in figs. 10-15. Each is seen to be of 
somewhat oval shape, with more or less pointed extremities, and presents 
several strongly marked, thick, transverse ridges upon its surface; and each, 
without exception, possesses a roundish nucleus whose longer diameter lies across 
that of the containing mass. Yet between these bodies and the long and deli- 
cate homogeneous fibre-cells above described, every possible gradation could 
be traced. Figs. 8 and 9, are somewhat longer than those just indicated, and 
are also remarkable for their regularity. In figs. 5, 6, and 7, are repre- 
sented fibre-cells of considerable length, marked here and there with highly 
refracting transverse bands, in the intervals of which they are of soft and de- 
licate aspect. In several cells one half was short, with closely approxima- 
ted rugee, the other half long and homogeneous. Hence it was pretty clear 
that the appearances in question were due to contraction of the fibre-cells, 
and that the shortest of these bodies were examples of an extreme degree of 
that condition; their substantial aspect and considerable breadth being produced 
nf whole material of the long muscular elements being drawn together into 
3 all a compass. The rounded appearance of the nuclei was accounted for 

by supposing either that they had themselves contracted, or that they had been 
pinched up by.the contracting fibres, of which explanations the latter appears 
the more probable. 

In order to place the matter if possible beyond doubt, I prepared two conti- 
guous portions of the circular coat of a contracted piece of intestine in different 
ways; the one by simply cutting off a minute portion with sharp scissors, so as 
to avoid as much as possible any stretching of the tissue, the other by purposely 
drawing out a fasciculus to a very considerable length, and then teasing it with 
needles. In the former preparation, the fibre-cells appeared all of them more or less 
contracted, except in parts where the slight traction inseparable from any mode of 
preparation had stretched the pliant tissue, which in the fresh state appears to 
yield as readily to any extending force as does a relaxed muscle of a living limb. 
In the other object, where the tissue had beer purposely stretched, most of the 
fibre-cells were extended, and 3 elongated nuclei. Here and there one 
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would be seen of excessive tenuity, scarcely broader at its thickest part than the 
nucleus, looking, under the highest magnifying power, like a delicate thread of 
spun glass. To how great a length the fibre-cells admit of being drawn out in 
this way without breaking I cannot tell. Fig. 1 represents a portion of such a 
fibre with the contained nucleus. Among these extended fibres, however, there 
lay, here and there, an extremely contracted one, the result, I have no doubt, of 
the irritation produced by the needles upon the yet living tissue. In order to 
guard against this source of fallacy, I kept a piece of contracted gut 48 hours, 
and then examined two contiguous parts of the circular coat in the way above 
described. The muscle was much less readily extended than in the fresh state, 
and I found that, where stretching of the tissue had been avoided as much 
as possible, it was composed entirely of fibre-cells marked with transverse 
ridges of varying thickness and proximity; a minute fibril having, under a 
rather low power, the general aspect represented in fig. 17. But I saw no distinct 
examples of the extreme degree of contraction so frequent in muscle from the 
same piece of intestine in the fresh state. This confirmed my suspicion that 
the latter had been induced by the irritation of the mode of preparation. On 
the other hand, a fully stretched fasciculus showed its fibres everywhere des- 
titute of transverse rug, so that the point was now distinctly proved. 
in his original article in the Zeitschrift fiir Wéssensehaftliche 
Zoologie, figured some long fibre-cells with transverse lines upon them,— 
“knotty swellings,” as he termed them, which he supposed probably due to con- 
traction, and he repeats this hypothesis in the part of his Mckroskopische 
Anatomie, published in 1852. The proof of the correctness of this idea is now, 
I believe, given for the first time. 

The bearings of these observations on the main question respecting the 
structure of involuntary muscular fibre are obvious and important. In the 
first place, if the short, substantial bodies were mere contracted fragments of 
rounded fibres of uniform width, we should expect them to be as thick at their 
extremities as at the centre, instead of which they are always more or less 
tapering, and often present a very regular appearance of two cones applied to 
each other by their bases. Secondly, the uniform central position of the nuclei 
in the contracted fibres, proves clearly that the former are no accidental ap- 
pendages of the latter, to which it seems difficult to refuse K6LLIKER's appel- 

lation of cells. | 
Ihe effect of acetic acid on the involuntary muscular tissue is to ren- 
der the fibres indistinct, but the nuclei more apparent; and if this reagent 
be applied to a piece of contracted muscle, many of the nuclei are seen to 
be of more or less rounded form. The deviation of the nuclei from the 
“ rod-shape” has hitherto been a puzzling appearance, but is now satisfactorily 
accounted for. 
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In examining a fasciculus that had been fully stretched, 48 hours after death, 
I met with several good specimens of isolated fibre-cells, two of which are repre- 
sented in figs. 2 and 3. I would draw particular attention to the delicate, spi- 
rally-twisted extremities of the fibre-cell 3, such as no tearing of a continuous 
fibre could’possibly have produced. Though these fibres are very long, yet we have 
no reason to believe that anything near the extreme degree of extension has been 
attained in them, and we cannot but contemplate with amazement the extent of 
contractility possessed by this tissue. | 
In fig. 16 is represented a portion of a fibre-cell curled up, which has been 
introduced for the sake of the clear manner in which it shows the position of the 
nucleus embedded in it. Just as in the case of the fibres wrapped round the arte- 
ries of the frog's foot, this cell might be seen in section by proper adjustment, and 
that section is observed to be oval; proving that the fibre is not round, but some- 
what flattened. It happens that the nucleus appears at this point; its section is 
circular, and is surrounded on all sides by the substance of the cell. | 
The pig's intestine seems to be a peculiarly favourable situation for the inves- 
tigation of unstriped muscle. Judging from KblAxER's measurements, the fibres 
appear to be of much larger size there than in the same situation in the human 
body. The length of the fibre-cell 3 is r inch. The fibre 2 is imperfect at one extre- 
mity ; but, taking the double of the distance from its pointed end to the nucleus, 
its length is #s inch. These measurements are between three and four times 
greater than any which Professor KöLLIXEn has given for the human intestine, 
and considerably exceed the length of the ‘colossal fibre-cells” which he describes 
as occurring in the gravid uterus. The individual fibre-cells, with their 
nuclei and transverse markings, if they have any, are quite distinctly to be seen 
with one of Suirn and Beck’s ys object-glasses. But in order to examine their 
structure minutely, a higher power is required: that which I use is a first-rate 
m, made several years ago by Mr Powett of London. All the figures in Plate XV., 
except 17 and 18, are from camera lucida sketches, reduced to the same scale. 
The principal measurements of the fibre-cells from the pig's intestine are as 
under :— 
Length of fibre-cell, 3, 
Breadth of ditto, 
Length of nucleus of ditto, - 
Breadth of ditto, 
Breadth of fibre-cell, 16, 
Thickness of ditto, 
Length of fibre-cell, 13, 


Breadth of ditto, 
Longitudinal measurement of nueleus of ditto, 
Trans verse. ditto, 


Length of fibre-cell, 15, 
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Hence it appears that the length of the most contracted fibre-cell is the same as 
that of the nucleus of an extended one. The fibres vary somewhat in breadth, 
independently of the results of contraction. Thus, one in the extended condition 
which I sketched, but which is not here shown, measured only ~*~ inch across. 
The nuclei of the uncontracted fibres are very constantly of the same length, and 
are good examples of the rod-shape to which KötlLIxER has directed particular 
attention. They always possess one or two nucleoli, and have often a slightly 
granular character; occasionally, as in fig. 21, they present an appearance of 
transverse markings. One frequently sees near the nucleus of a fibre that has 
been artificially extended from the contracted state, an appearance of a gap in 
the substance of the cell, forming a sort of extension of the nucleus, as if the fibre 
generally had been stretched more completely than the nucleus: an example of 
this is presented by fig. 7. Mr ELIIs lays great stress on a dotted appearance 
which he considers characteristic of involuntary muscular fibre. I must say I 
agree with KOLLIkER in finding the fibre-cells, for the most part, homogeneous 
when extended, or faintly marked with longitudinal strie.* No doubt dots are 
present in abundance; but these, so far as I have observed them in the pig's 
intestine, are distinctly exterior to the fibres, though adherent to their surface; 
and I suspect them to be little globules of a tenacious connecting fluid. That 
the fibre-cells do stick very tightly together, may be seen by drying a minute 
portion of the tissue, after which they will be found shrunk, and slightly sepa- 
rated from one another, but connected more or less by minute threads. 

To sum up the general results to which we are led by the facts above men- 
tioned. It appears that in the arteries of the frog, and in tie intestine of the 
pig, the involuntary muscular tissue is composed of slightly-flattened elongated 
elements, with tapering extremities, each provided at its central and thickest part 
with a single cylindrical nucleus embedded in its substance. 

Professor KéLLIKEr’s account of the tissue being thus completely confirmed in 
these two instances, and the description here given of its appearance in the arte- 
ries of the frog’s foot being an imdependent confirmation of the general doctrine, 
there seems no reason any longer to doubt its truth. 


The longitudinal striæ above referred to, are probably due to a fine fibrous structure in 
the substance of the fibre-cells. When in London, last Christmas, I had, through the kindness 
of Dr Sua?pry, the opportunity of examining a specimen of muscle from the stomach of a rabbit, 
which he uad prepared after Reicuert’s method. The nitric acid had not only detached the 
fibre-cells from one another, but also brought out very distinctly in each muscular element the 
appearance of minute parallel longitudinal fibres, which seemed to make up the entire mass of 
the fibre-cell except the nucleus. In a plate accompanying the paper on the Iris, before re- 
ferred to, J gave figures of some fibre-cells with distinct granules arranged in longitudinal and 
transverse rows. This appearance, which, however, so far as my experience goes, is exceptional, 
and is hardly sufficiently marked to deserve the appellation “ dotted,’ is probably caused by une- 
qual contractions in the constituent material—2d April 1857. 
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It further appears, that in the pig’s intestine the muscular elements are, on 
the one hand, capable of an extraordinary degree of extension, and, on the other 
hand, are endowed with a marvellous faculty of contraction, by which they may be 
reduced from the condition of very long fibres to that of almost globular masses 
In the extended state they have a soft, delicate, and usually homogeneous aspect, 
which becomes altered during contraction by the supervention of highly refract- 
ing transverse ribs, which grow thicker and more approximated as the process 
advances. Meanwhile, the “ rod-shaped” nucleus appears to be pinched up by 
the contracting fibre till it assumes a slightly oval form, with the longer diame- 
ter transversely placed. 

I will only further remark, that these properties of the constituent elements of 
involuntary muscular fibre explain, in a very beautiful manner, the extraordi- 
nary range of contractility which characterizes the hollow viscera. 


EXPLANATION OF PLATE XV. 


Fig. 1 represents part of a fibre-cell from the pig’s intestine, drawn out into a very fine thread. 

Figs. 2 3, fbre- cells from the same situation, considerably extended. 

Fig. 4, fibre- cells exhibiting faint longitudinal striation. 

Figs. 5, 6, and 7, fibre- cells imperfectly contrac ‘ed. 

Figs. 8 and 9, small fibre- cells considerably contracted. 

Figs. 10, 11, 12, 13, 14 and 15, fibre-cells extremely contracted. 

Fig. 16, a fibre-cell curled up, showing the position of the nucleus embedded in its substance. 

Fig. 17, part of a moderately contracted fasciculus of unstriped muscle from the pig’s intestine, 
as seen under a rather low magnifying power. 

Fig. 18, a small artery from the frog’s web, under a rather low magnifying power. 

Fig 19, part of the same vessel highly magnified, showing the spiral — 4 of the mus- 
cular fibre-cells. 

Figs. 20 and 21, muscular fibre-cells from another artery. In fig. 20, the spirals are much 
closer than in fig. 19; and in fig. 21, the spiral is quite close. 

Figs. 22 and 23 represent some fibre-cells in arteries of extreme minuteness, and show the 
section of the nucleus surrounded by that of the fibre-cell. 
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XXXIV.—On a Dynamical Top, for exhibiting the phenomena of the motion of a 
system of invariable form about a fixed point, with some suggestions as to the 
Earth’s motion. By J.C. Maxwett, B. A., Professor of Natural Philosophy 
in Marischal College, Aberdeen. 


(Read 20th April 1857.) 


To those who study the progress of exact science, the common spinning-top is 
a symbol of the labours and the perplexities of men who had successfully threaded 
the mazes of the planetary motions. The mathematicians of the last age, search- 


ing through nature for problems worthy of their analysis, found in this toy of 


their youth, ample occupation for their highest mathematical powers. 

No illustration of astronomical precession can be devised more perfect than 
that presented by a properly balanced top, but yet the motion of rotation has in- 
tricacies far exceeding those of the theory of precession. 

Accordingly, we find EuLer and D’ALEmBert devoting their talent and their 
patience to the establishment of ‘the laws of the rotation of solid bodies. La- 
grange has incorporated his own analysis of the problem with his general treat- 
ment of mechanics, and since his time M. Pornsor has brought the subject under 
the power of a more searching analysis than that of the calculus, in which ideas 
take the place of symbols, and intelligible propositions supersede equations. 

In the practical department of the subject, we must notice the rotatory machine 
of BoHNENBERGER, and the nautical top of Trovcuron. In the first of these in- 
struments we have the model of the Gyroscope, by which Foucautt has been 
able to render visible the effects of the earth’s rotation. The beautiful experi- 
ments by which Mr J. Exuior has made the ideas of precession so familiar to us 
are performed with a top, similar in some respects to TroucuTon’s, though not 
borrowed from his. 

The top which I have the honour to spin before the Society, differs from that 
of Mr ELLior in having more adjustments, and in being designed to exhibit far 
‘more complicated phenomena. 

The arrangement of these adjustments, so as to produce the desired effects, 
depends on the mathematical theory of rotation. The method of exhibiting the 
motion of the axis of rotation, by means of a coloured disc, is essential to the 
success of these adjustments. This optical contrivance for rendering visible the 
nature of the rapid motion of the top, and the practical methods of applying the 
theory of rotation to such an instrument as the one before us, are the grounds on 
which I bring my instrument and experiments before the Society as my own. 

I propose, therefore, in the first place, to give a brief outline of such parts of 
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the theory of rotation as are necessary for the explanation of the phenomena of 
the top. 

I shall then describe the instrument with its adjustments, and the effect of 
each, the mode of observing of the coloured disc when the top is in motion, and 
the use of the top in illustrating the mathematical theory, with the method of 
making the different experiments. 1 

Lastly, I shall attempt to explain the nature of a possible variation in the 
earth’s axis due to its figure. This variation, if it exists, must cause a periodic 
inequality in the latitude of every place on the earth’s surface, going through its 
period in about eleven months. The amount of variation must be very small, 
but its character gives it importance, and the necessary observations are already 
made, and only require reduction. 


On the Theory of Rotation. 

The nian of the rotation of a rigid system is strictly deduced froin ‘the 
elementary laws of motion, but the complexity of the motion of the particles of 
a body freely rotating renders the subject so intricate, that it has never been 

thoroughly understood by any but the most expert mathematicians. Many who 
have mastered the lunar theory have come to erroneous conclusions on this sub- 
ject ; and even Newron has chosen to deduce the disturbance of the earth’s axis 
from his theory of the motion of the nodes of a free orbit, rather than attack the 
problem of the rotation of a solid body. 

The method by which M. Pornsor has rendered the theory more manageable, 
is by the liberal introduction of “ appropriate ideas,” chiefly of a geometrical 
character, most of which had been rendered familiar to mathematicians by the 
writings of Monce, but which then first became illustrations of this branch of 
dynamics. If any further progress is to be made in simplifying and arranging 
the theory, it must be by the method which Pornsor has repeatedly pointed out 
as the only one which can lead to a true knowledge of the subject,—that of pro- 
ceeding from one distinct idea to another, instead of trusting to symbols and 
equations. 

An important contribution to our stock of W ideas and methods has 
lately been made by Mr R. B. Haywanp, in a paper, “ On a Direct Method of esti- 
mating Velocities, Accelerations, and all similar quantities, with respect to axes, 
moveable in any manner in Space.” (Trans. Cambridge Phil. Soc. vol. x. part i.) 

In this communication I intend to confine myself to that part of the subject 
which the top is intended to illustrate, namely, the alteration of the position of 
the axis in a body rotating freely about its centre of gravity. I shall, therefore, 
deduce the theory as briefly as possible, from two considerations only,—the per- 
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manence of the original angular momentum in direction and magnitude, and the 
permanence of the original vis vira. 

* The mathematical difficulties of the theory of rotation arise chiefly from the 
want of geometrical illustrations and sensible images, by which we might fix the 
results of analysis in our minds. | 

It is easy to understand the motion of a body revolving about a fixed axle. 
Every point in the body describes a circle about the axis, and returns to its 
original position after each complete revolution. But if the axle itself be in 
motion, the paths of the different points of the body will no longer be circular or 
re-entrant. Even the velocity of rotation about the axis requires a careful defi- 
nition, and the proposition that, in all motion about a fixed point, there is always 
one line of particles forming an instantaneous axis, is usually given in the form 
of a very repulsive mass of calculation. Most of these difficulties may be got 
rid of by devoting a little attention to the mechanics and geometry of the pro- 
blem before entering on the discussion of the equations. 

Mr Haywarp, in his paper already referred to, has made great use of the 
mechanical conception of Angular Momentum. 

Derinition.— The Angular Momentum of a particle about an axis is 3 
by the product of the mass of the particle, its velocity resolved in the normal plane, 
and the perpendicular from the axis on the direction of motion. 

* The angular momentum of any system about an axis is the algebraical sum 
of the angular momenta of its parts. 1 

As the rate of change of the linear momentum of a particle measures the 
moving force which acts on it, so the rate of change of angular momentum mea- 
sures the moment of that force about an axis. 

All actions between the parts of a system, being pairs of equal and opposite 
forces, produce equal and opposite changes in the angular momentum of those 
parts. Hence the whole angular momentum of the system is not affected by 
these actions and re-actions. 

* When a system of invariable form revolves about an axis, the angular 
velocity of every part is the same, and the angular momentum about the axis 
is the product of the angular velocity and the moment of inertia about that 
axis. 

It is only in particular cases, however, that the mole angular momentum 
can be estimated in this way. In general, the axis of angular momentum differs 
from the axis of rotation, so that there will be a residual angular momentum 
about an axis perpendicular to that of rotation, unless that axis has one of three 
positions, called the principal axes of the body. 

By referring everything to these three axes, the theory is greatly simplified. 
The moment of inertia about one of these axes is greater than that about any 
other axis through the same point, and that about one of the others is a mini- 
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mum. These two are at right angles, and the third axis is perpendicular to 
their plan, and is called the mean axis. 

* Let A, B, C be the moments of inertia about the principal axis through the 
centre of gravity, taken in order of magnitude, and let #, w, , be the angular 
velocities about them, then the angular momentum will be Aw,, Bo, and Co, 

Angular momentum may be compounded like forces or velocities, by the law of 


the “ parallelogram,” and since these three are at right angles to each other, their 
resultant is | 
V A®w,? + B’w,? . (1) 


and this must be constant, both in magnitude and direction in space, since no 
external forces act on the body. 

We shall call this axis of angular momentum the invariable axis. It is per- 
pendicular to what has been called the invariable plane. Pornsor calls it the axis 
of the couple of impulsion. The direction-cosines of this axis in the body are, 


Since /, mn, and n vary during the motion, we need some additional condition 
to determine the relation between them. We find this in the property of the ris- 
riru of a system of invariable form in which there is no friction. The vis-civa of 
such a system must be constant. We express this in the equation 


Aw,? + Bu,? Cc = V. (2) 
Substituting the values of w, w, w, in terms of /, n, 1 


and this equation becomes 


and the equation to the cone, described by the invariable axis within the body, 
is 


a? er) y? + (e =0 (4) 
The intersections of * cone with planes perpendicular to the latte axes 
are found by putting 2, , or z, constant in this equation. By giving e various 
values, all the different paths of the pole of the invariable axis, corresponding to 
different initial circumstances, inay be traced. ‘ — 
* In the figures, I have supposed d= 100, 5 107, and 2 110. The first 
figure represents a section of the various ‘cones by a plane perpendicular to the 
axis of a, which is that of greatest moment of inertia. These sections are ellipses 
having their major axis parallel to the axis of 5. The value of & corresponding 
to each of these curves is indicated by figures beside the curve. The ellipticity . 
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increases with the size of the ellipse, so that the section corresponding to = 107 
would be two parallel straight lines (beyond the bounds of the figure), after which 
the sections would be hyperbolas. 

* The second figure represents the sections made by a plane, perpendicular to 
the mean axis. They are all hyperbolas, except when „= 107, when the section 
is two intersecting straight lines. 

The third figure shows the sections perpendicular to the axis of least moment 
of inertia. From 2110 to = 107 the sections are ellipses, „= 107 gives two 
parallel straight lines, and beyond these the curves are hyperbolas. 

* The fourth and fifth figures show the sections of the series of cones made 
by a cube and a sphere respectively. The use of these figures is to exhibit the 
connexion between the different curves described about the three principal axes 
by the invariable axis during the motion of the body. 

* We have next to compare the velocity of the invariable axis with respect to 
the body, with that of the body itself round one of the principal axes. Since the 
invariable axis is fixed in space, its motion relative to the body must be equal and 
opposite to that of the portion of the body through which it passes. Now the 
angular velocity of a portion of the body whose direction-cosines are /, n, n, about 
the axis of & is 


Substituting the values of , w,, w,, in terms of /, m, n, and taking account of 
equation (3), this expression becomes 


Changing the sign and putting 12 K we have the angular velocity of the in- 


variable axis about that of æ. 
| 
127 
always positive about the axis of greatest moment, negative about that of least 
moment, and positive or negative about the mean axis according to the value 
of K. The direction of the motion in every case is represented by the arrows in 
the figures. The arrows on the outside of each figure indicate the direction of 
rotation of the body. 
If we attend to the curve described by the pole of the invariable axis on the 
sphere in fig. 5, we shall see that the areas described by that point, if projected 
on the plane of y z, are swept out at the rate 


d 
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Now the axes of the projection of the spherical ellipse described by the pole are, 
d 
52 a7 c?—a? 

Dividing the area of this ellipse by the area described during one revolution 


of the body, we find the number of revolutions of the body during the description 
of the ellipse— : | | 
a 

The projections of the spherical ellipses upon the plane of yz are all similar 
ellipses, and described in the same number of revolutions; and in each ellipse so 
projected, the area described in any time is proportional to the number of revo- 
lutions of the body about the axis of , so that if we measure time by revolutions 
of the body, the motion of the projection of the pole of the invariable axis is iden- 
tical with that of a body acted on by an attractive central force varying directly 
as the distance. In the case of the hyperbolas in the plane of the greatest and 
least axis, this force must be supposed repulsive. The dots in the figures 1, 2, 3, 
are intended to indicate roughly the progress made by the invariable axis during 
each revolution of the body about the axis of æ, y, and z respectively. It must 
be remembered, that the rotation about these axes varies with their inclination to 
the invariable axis, so that the angular velocity diminishes as the inclination 
increases, and therefore the areas in the ellipses above mentioned. are not de- 
scribed with uniform velocity in absolute time, but are less rapidly swept out at 
the extremities of the major axis than at those of the minor. 

* When two of the axes have equal moments of inertia, or 6 = c, then the 
angular velocity , is constant, and the path of the invariable axis is circular, 
the number of revolutions of the body during one circuit of the invariable axis, 
being 


a? 
5 | 
The motion is in the same direction as that of rotation, or in the opposite 
direction, according as the axis of 2 is that of greatest or of least moment of 
inertia. | 
* Both in this case, and in that in which the three axes are unequal, the 
motion of the invariable axis in the body may be rendered very slow by diminish- 
ing the difference of the moments of inertia. The angular velocity of the axis 
of « about the invariable axis in space is | 
e2— 
- 
which is greater or less than w,, as e is greater or less than a’, and, when these 
quantities are nearly equal, is very nearly the same as %, itself. This quantity 
indicates the rate of revolution of the axle of the top about its mean position. 
and is very easily observed. 
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The instantaneous axis is not so easily observed. It revolves round the in- 
variable axis in the same time with the axis of 2, at a distance which is very 
small in the case when a, b, c, are nearly equal. From its rapid angular motion 
in space, and its near coincidence with the invariable axis, there is no advantage 
in studying its motion in the top. 

Buy making the moments of inertia very unequal, and in definite proportion 
to each other, and by drawing a few strong lines as diameters of the disc, the 
combination of motions will produce an appearance of epicycloids, which are the 
result of the continued intersection of the successive positions of these lines, and 
the cusps of the epicycloids lie in the curve in which the instantaneous axis 
travels. Some of the figures produced in this way are very pleasing. 


In order to illustrate the theory of rotation experimentally, we must have a 
body balanced on its centre of gravity, and capable of having its principal axes 
and moments of inertia altered in form and position within certain limits. We 
must be able to make the axle of the instrument the greatest, least, or mean 
principal axis, or to make it not a principal axis at all, and we must be able to 
see the position of the invariable axis of rotation at any time. There must be 
three adjustments to regulate the position of the centre of gravity, three for the 
magnitudes of the moments of inertia, and three for the directions of the prin- 
cipal axes, nine independent adjustments, which may be distributed as we please 
among the screws of the instrument. 

The form of the body of the instrument which I have found most suitable is 
that of a bell, (Plate XVI. fig. 6.) C is a hollow cone of brass, Ris a heavy ring 
cast in the same piece. Six screws, with heavy heads, 2, y, 2, a’, /, 2’, work 
horizontally in the ring, and three similar screws, J, m,n, work vertically through 
the ring at equal intervals. AS is the axle of the instrument, SS is a brass 
screw working in the upper part of the cone C, and capable of being firmly 
clamped by means of the nut c. B is a cylindrical brass bob, which may be 
screwed up or down the axis, and fixed in its place by the nut 0. 

The lower extremity of the axle is a fine steel point, finished without emery, 
and afterwards hardened. It runs in a little agate cup set in the top of the pillar 
P. If any emery had been embedded in the steel, the cup would soon be worn 
out. The upper end of the axle has also a steel point by which it may be kept 
steady while spinning. | 

When the instrument is in use, a coloured disc is attached to the upper end 
of the axle. 

It will be seen that there are eleven n nine screws in the brass 
ring, the axle screwing in the cone, and the bob screwing on the axle. The ad- 
vantage of the last two adjustments is, that by them large alterations can be 
made, which are not possible by means of the small screws. 
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The first thing to be done with the instrument is, to make the steel point at 
the end of the axle coincide with the centre of gravity of the whole. This is done 
roughly by screwing the axle to the right place nearly, and then balancing the 
instrument on its point, and screwing the bob and the horizontal screws till the 
instrument will remain balanced in any position in which it is placed. 

When this adjustment is carefully made, the rotation of the top has no ten- 
dency to shake the steel point in the agate cup, however irregular the motion may 
appear to be. 

The next thing to be done, is to make one of the principal axes of the central 
ellipsoid coincide with the axle of the top. 

To effect this, we must begin by spinning the top gently about its axle, steady- 
ing the upper part with the finger at first. Ifthe axle is already a principal axis 
the top will continue to revolve about its axle when the finger is removed. If it 
is not, we observe that the top begins to spin about some other axis, and the axle 
moves away from the centre of motion and then back to it again, and so on, al- 
ternately widening its circles and contracting them. 

It is impossible to observe this motion successfully, without the aid of the 

coloured disc placed near the upper end of the axis. This disc is divided into 
sectors, and strongly coloured, so that each sector may be recognised by its colour 
when in rapid motion. If the axis about which the top is really revolving, falls 
within this disc, its position may be ascertained by the colour of the spot at the 
centre of motion. If the central spot appears red, we know that the invariable 
axis at that instant passes through the red part of the disc. 
In this way we can trace the motion of the invariable axis in the ‘revolving 
body, and we find that the path which it describes upon the disc may be acircle, 
an ellipse, an hyperbola, or a straight line, according to the arrangement of the 
instrument. 

In the case in which the invariable axis ee at first with the axle of the 

top, and returns to it after separating from it for a time, its true path is a 
circle or an ellipse having the axle in its circumference. The true principal axis 
is at the centre of the closed curve. It must be made to coincide with the axle 
by adjusting the vertical screws J, m, n. 

Suppose that the colour of the centre of motion, when farthest from the axle, 
indicated that the axis of rotation passed through the sector L, then the principal 
axis must also lie in that sector at half the distance from the axle. 

If this principal axis be that of greatest moment of inertia, we must raise the 
screw / in order to bring it nearer the axle A. If it be the axis of least moment 
we must lower the screw /. In this way we may make the principal axis coincide 
with the axle. Let us suppose that the principal axis is that of greatest moment 
of inertia, and that we have made it coincide with the axle of the instrument. 
Let us also suppose that the moments of inertia about the other axes are equal, 
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and very little less than that about the axle. Let the top be spun about the axle 

and then receive a disturbance which causes it to spin about some other axis. 
The instantaneous axis will not remain at rest either in space or in the body. 
In space it will describe aright cone, completing a revolution in somewhat less 
than the time of revolution of the top. In the body it will describe another cone 
of larger angle in a period which is longer as the difference of axes of the body is 
smaller. The invariable axis will be fixed in space, and describe a cone in the body. 

The relation of the different motions may be understood from the following 
illustration. Take a hoop and make it revolve about a stick which remains at 
rest and touches the inside of the hoop. The section of the stick represents the 
path of the instantaneous axis in space, the hoop that of the same axis in the 
body, and the axis of the stick the invariable axis. The point of contact repre- 
sents the pole of the instantaneous axis itself, travelling many times round the 
stick before it gets once round the hoop. It is easy to see that the direction in 
which the instantaneous axis travels round the hoop, is in this case the same as 
that in which the hoop moves round the stick, so that if the top be spinning in 
the direction L, M, N, the colours will appear in the same order. 

By screwing the bob B up the axle, the difference of the axes of inertia may 
be diminished, and the time of a complete revolution of the invariable axis in the 
body increased. By observing the number of revolutions of the top in a complete 
cycle of colours of the invariable axis, we may determine the ratio of the moments 
of inertia. 

By screwing the bob up farther, we may make the axle the principal axis of 
least moment of inertia. | 

The motion of the instantaneous axis will then be that of the point of contact 
of the stick with the outside of the hoop rolling on it. The order of colours will 
be N, M. L. if the top be spinning in the direction L, M, N, and the more the bob 
is screwed up, the more rapidly will the colours change, till it ceases to be possible 
to make the observations correctly. 

In calculating the dimensions of the parts of the instrument, it is necessary to 
provide for the exhibition of the instrument with its axle either the greatest or 
the least axis of inertia. The dimensions and weights of the parts of the top 
which I have found most suitable, are given in a note at the end of this paper. 

Now let us make the axes of inertia in the plane of the ring unequal. We - 
may do this by screwing the balance screws «x and z' farther from the axle with- 
out altering the centre of gravity. 

Let us suppose the bob B screwed up so as to make the axle the axis of least 
inertia. Then the mean axis is parallel to«rz', and the greatest is at right angles 
to c in the horizontal plane. The path of the invariable axis on the disc is 
no longer a circle but an ellipse, concentric with the disc, and having its major 
axis parallel to the mean axis . 
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The smaller the difference between the moment of inertia about the axle and 
about the mean axis, the more eccentric the ellipse will be; and if, by screwing 
the bob down, the axle be made the mean axis, the path of the invariable axis 
will be no longer a closed curve, but an hyperbola, so that it will depart alto- 
gether from the neighbourhood of the axie. When the top is in this condition it 
must be spun gently, for it is very difficult to manage it when its motion gets 
more and more eccentric. 

When the bob is screwed still farther down, the axle becomes the axis of 
greatest inertia, and xz’ the least. The major axis of the ellipse described by 
the invariable axis will now be perpendicular to wz’, and the farther the bob 
is screwed down, the eccentricity of the ellipse will diminish, and the velocity 
with which it is described will increase. 

I have now described all the phenomena presented by a body revolving freely 
on its centre of gravity. If we wish to trace the motion of the invariable axis by 
means of the coloured sectors, we must make its motion very slow compared with 
that of the top. It is necessary, therefore, to make the moments of inertia about 
the principal axes very nearly equal, and in this case a very small change in the 
position of any part of the top will greatly derange the position of the principal 
axis. Sothat when the top is well adjusted, a single turn of one of the screws 
of the ring is sufficient to make the axle no longer a principal axis, and to set 
the true axis at a considerable inclination to the axle of the top. 

All the adjustments must therefore be most carefully arranged, or we may 
have the whole apparatus deranged by some eccentricity of spinning. The method 
of making the principal axis coincide with the axle must be studied and practised, 
or the first attempt at spinning rapidly may end in the * of the top, if 
not of the table on 1 it is spun. 


On the Earth's Motion. 


We must remember that these motions of a body about its centre of gravity, 
are not illustrations of the theory of the precession of the Equinoxes. Precession 
can be illustrated by the apparatus, but we must arrange it so that the force of 
gravity acts the part of the attraction of the sun and moon in producing a force 


__ tending to alter the axis of rotation. This is easily done by bringing the centre 


of gravity of the whole a little below the point on which it spins. The theory of 
such motions is far more easily comprehended than that which we have been 
investigating. 

But the earth is a body whose principal axes are unequal, and from the phe- 
nomena of precession we can determine the ratio of the polar and equatorial axes 
of the “central ellipsoid ;” and supposing the earth to have been set in motion 
about any axis except the principal axis, or to have had its original axis disturbed 
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in any way, its subsequent motion — be that of the top when the bob isa little 
below the critical position. 2 

The axis of angular momentum would have an invariable position in space. 

and would travel with respect to the earth round the axis of figure with a velo- 


eity ca where is the sidereal angular velocity of the earth. The apparent 
pole of 45 earth would travel (with to the earth) from west to east round 


the true pole, completing its circuit in 921 sidereal days, which appears to be 


about 325°6 solar days. 

The instantaneous axis would revolve about this axis in space in about a day, 
and would always be in a plane with the true axis of the earth and the axis of 
angular momentum. The effect of such a motion on the apparent position of a 
star would be, that its zenith distance would be increased and diminished during 
a period of 325°6 days. This alteration of zenith distance is the same above and 
below the pole, so that the polar distance of the star is unaltered. In fact the 
method of finding the pole of the heavens by observations of stars, gives the pole 
of the invariable axis, which is altered only by external forces, such as those of 
the sun and moon. : 

There is therefore no change in the apparent polar distance of stars due to this 
cause. It is the latitude which varies. The magnitude of this variation cannot 
be determined by theory. The periodic time of the variation may be found ap- 
proximately from the known dynamical properties of the earth. The epoch of 
maximum latitude cannot be found except by observation, but it must be later 
in proportion to the east longitude of the observatory. 

In order to determine the existence of such a variation of latitude, I have 
examined the observations of Polaris with the Greenwich Transit Circle in the 
years 1851-2-3-4. The observations of the upper transit during each month were 
collected, and the mean of each month found. The same was done for the lower 
transits. The difference of zenith distance of upper and lower transit is twice 

the polar distance of Polaris, and half the sum gives the co-latitude of Greenwich. 

In this way I found the apparent co-latitude of Greenwich for each month of the 
four years specified. 

There appeared a very slight indication of a maximum belonging to the set of 
months, 

March, 51. Feb. 52. Dec. 52. Nov. 53. Sept. 54. 

This result, however, is to be regarded as very doubtful, as there did not ap- 
pear to be evidence for any variation exceeding half a second of space, and more 
observations would be — to establish the existence of so small a variation 
at all. 

I therefore conclude that the earth has been for a long time revolving about 


— 

| 
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an axis very near to the axis of figure, if not coinciding with it. The cause of this 
near coincidence is either the original softness of the earth, or the present fluidity 
of its interior. The axes of the earth are so nearly equal, that a considerable 
elevation of a tract of country might produce a deviation of the principal axis 
within the limits of observation, and the only cause which would restore the uni- 
form motion, would be the action of a fluid which would gradually diminish the 
oscillations of latitude. The permanence of latitude essentially depends on the 
inequality of the earth’s axes, for if they had been all equal, any alteration of the 
crust of the earth would have produced new principal axes, and the axis of rota- 
tion would travel about those axes, altering the latitudes of all places, and yet 
not in the least altering the position of the axis of rotation among the stars. 

Perhaps by a more extensive search and analysis of the observations of different 
observatories, the nature of the periodic variation of latitude, if it exist, may be 
determined. I am not aware of any calculations having been made to prove its. 
non-existence, although, on dynamical grounds, we have every reason to look for 
some very small variation having the periodic time of 325°6 days nearly, a period 
which is clearly distinguished from any other astronomical cycle, and therefore 
easily recognised. 


Norte. 
Dimensions and Weights of the parts of the Dynamical Top. 
I. Body of the top— 
Mean diameter of ring, 4 inches. 


Section of ring, 3 inch square, 


The conical portion rises from the upper and inner edge of the ring, a height 
of 1} inches from the base. 


The whole body of the top weighs 1 Ib. 7 oz. 
Each of the nine adjusting screws has ite screw 1 inch long, and the screw 
and head together weigh 1 ounce. The whole weigh a 
II. Axle, &c.— 


Length of axle 5 inches, of which } inch at the bottom is occupied by the steel 
point, 3} inches are brass with a good screw turned on it, and the re- 
maining inch is of steel, with a * point at the * The whole 


weighs 135, 
The bob B has Ae eber of 1˙4 inches, and a thickness of 4. It weighs ; 23 ., 
The nuts b and c, for clamping the bob and the bony of the 55 on the * 
each weigh } oz. . 1 
Weight of whole top 2 w. 54 oz. 


The best arrangement, for general observations, is to have the disc of card divided into four 
quadrants, coloured with vermilion, chrome yellow, emerald green, and ultramarine. These are 
bright colours, and, if the vermilion is good, they combine into a grayish tint when the revolution 
is about the axle, and burst into brilliant colours when the axis is disturbed, It is useful to have 
some concentric circles, drawn with ink, over the colours, and about 12 radii drawn in strong pencil 
lines. It is easy to distinguish the ink from the pencil lines, as they cross the invariable axis, by 


their want of lustre. In this way, the path of the invariable axis may be identified with great accu- 
racy, and compared with theory. 


| 
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XXXV.—On the Products of the Destructive Distillation of Animal Matters. Part IV. 
By Tuomas ANDERSON, Professor of Chemistry, University of Glasgow. 


(Read 20th April 1857.) _ 


Owing to the great length of time over which the investigation of the pro- 
ducts of the destructive distillation of animal substances has stretched, and 
various circumstances which it is unnecessary to detail, the inquiry has been 
pursued in a somewhat fragmentary manner, and with less continuity than 
might have been desired. The difficulties attending many of the experiments, 
and the occasional exhaustion of materials prepared by laborious processes, ex- 
tending in many instances over considerable periods, have occasioned long inter- 
vals in the regular course of the inquiry which it became necessary to occupy 
with the examination of such matters as could be taken up at the moment. In 
this way a number of facts required to complete the history of the bases already 
described have gradually been accumulated, some of the products of their decom- 
position examined, and the pyrrol so frequently adverted to in the previous 
parts of this paper has been subjected to a full investigation. The details of 
these experiments form the subject of the present communication. 
| It has been already shown that the whole series of the alcohol bases, from 

methylamine to butylamine, can be obtained from bone oil, and the probable 
existence of amylamine in the portion boiling, about 200°, has been pointed out. 
The quantity of base obtained at that temperature is by no means large; but 
enough was collected not only to prove the existence of amylamine, but to sub- 
stantiate the fact that it was unquestionably that base, and not one of its 
isomeres, After sufficient rectification it gave, with bichloride of platinum, an 
extremely beautiful platinum salt, which, when the fluid was sufficiently concen- 
trated, deposited itself after some time in fine goiden yellow scales, very soluble in 
water. The mother liquor, on evaporation, yielded another crop, agreeing with 


the first in properties and composition. A platinum determination of each gave 
the subjoined results :— 


I. 5-39 grains of the platinum salt gave 1815 grains of platinum. 
II. 2°99 grains gave 1°010 grs. platinum. 


Experiment. Calculation, 

Carbon, “Fe 20°46 Cie 60 

Hydrogen, 4:77 14 

Nitrogen, . 63. 4:77 N 14 
Chlorine, 36˙34 Cl, 106-5 
Platinum, 33°67 33°77 33-66 Pt 98-7 
100-00 293°2 
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When the base was treated with iodide of amyle in a sealed tube, it rapidly 
dissolved; and, on cooling, the fluid became filled with fine crystalline plates. 


These crystals, when treated with potash, evolved a smell quite distinct from 


that of amylamine, much more pleasant, and devoid of that putrid odour which 
distinguishes the whole of the alcohol amide bases. When a quantity of the iodide 
was introduced into a retort, with an excess of potash, and distilled into a mo- 
derately dilute solution of hydrochloric acid, a salt immediately deposited itself 
as a crystalline powder of sparing solubility, and possessing all the characters of 
the hydrochlorate of diamylamine. Analysis gave the following results :— 

6-400 grains dried at 212° gave 

14-505 grains of carbonic acid and 
7°280 grains water. 


8°240 grains dried at 212° gave 
{ 6-165 grains of chloride of silver. 


Experiment. Calculation. 

Carbon, 62°10 7 120. 
Hydrogen. . 1268 12°40 H,, 24° 
7:16 N 14: 

Chlorine, 18-34 Cl 365 

100-00 - 193-5 


These experiments prove incontestably that the base is amylamine, and they 
afford an indirect refutation of the opinion expressed by some chemists, that the 
‘substance described in a previous part of this paper as propylamine, might pos- 
sibly be trimethylamine. The occurrence of the whole series of the alcohol bases, 
with their proper boiling points, as well as many facts observed during the inves- 
tigation, had fully convinced me of the accuracy of my original opinion; but the 
experiments now detailed, showing that one of them is really an amide base, may 
be taken as affording the strongest possible evidence that the others are similarly 
constituted. 

Various attempts have been made to ascertain whether any of the higher 
members of the alcohol series of bases, and particularly caprylamine, exist in 
bone oil, but without success. Some difficulty attends the examination, because 
the boiling points of these substances do not differ very greatly from those of the 
different members of the pyridine series, and a small quantity existing along with 
the latter might easily escape detection, but a careful examination of the first por- 
tions passing over during the distillation of pyridine, and which ought to contain 
any caprylamine, has satisfied me that it is not present. Taking into account 
the great difference in the quantity of hydrogen in these two bases; the for- 
mer containing 6˙3, and the latter 14:9 per cent. of that element, we should 
anticipate, that in the analysis of the first portions of pyridine, the hydrogen 
would be in excess if it contained caprylamine, and farther, as the bases of 
the alcohol series are stronger than those of the pyridine series, it would follow 
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that, if a mixture of two such bases were partially saturated by an acid, the salt 
produced should consist chiefly of the stronger base, and consequently should 
give a large excess of hydrogen. Salts prepared in this way gave the exact 
results required for pyridine, as will be seen in a subsequent page. 


Pyridine and its Compounds. 

In the second part of this paper a very cursory account was given of pyridine 
and its platinum salt, at a time when I had obtained this beautiful base in com- 
paratively small quantity. Subsequent experiments have afforded me a much 
larger supply, and rendered it possible to submit it and its compounds to a more 
minute investigation. It is a transparent and colourless oil, with a powerful 
pungent smell, soluble in water in all proportions, and obtained absolutely dry 
only with some difficulty. It boils at 242°, and its specific gravity at 32° F. is 
09858. It precipitates the salts of zinc, iron, manganese, and alumina in the 
cold, nickel only on the application of heat, and the precipitate dissolves in 
excess. Copper gives a pale blue precipitate, soluble in excess of base with a 
deep blue colour, not distinguishable from that produced by ammonia. It has a 
remarkable tendency to form double salts, most of which are highly crystallizable, 
and retain the metallic oxide in a state in which it cannot be precipitated by 
excess of pyridine. An analysis gave— 


3°175 grains gave 

8-830 ... carbonic acid, and 

1950 ... Water. 

Calculation 
Hydrogen. . 682 6-33 H, 5 
100-00 79 


The density of the vapour of pyridine determined by Dumas’s weit: gave— 


I, II. 


Temperature of the air, 14“ cent. 15° 
vapour, 143° 
Excess of weight of the balloon, . 0°3088 grammes. 0°4060 gr. 
Capacity of the — . 305 c. e. 324 c. e. 
Barometer, pee : ‘ : 765 m. m. 752 m. m. 
Residual air, 14 ae, * 
Density of vapour. 2-912 2-920 
The formula Cie H, N requires 
10 vol. carbon vapour = 0°8290 x 10 = 8-2900 
10 ... hydrogen. = 0°0692 x 10 = 0°6920 
2 .. nitrogen. = 09713 x 2 = 19426 
10 926 
= 2˙734 
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These experimental results are somewhat in excess of the theoretical density ; 
but this is in all probability due to the presence of a small quantity of picoline, 
which, from the nature of the experiment, must necessarily remain in the balloon, 
and tend to produce an appreciable error in the density, even when its quantity 
is far too minute to be distinguished by an ordinary analysis. The spevimen of 
pyridine used in these experiments had been purified with great care, and its 
platinum salt gave results corresponding completely with theory. 


Salts of Pyridine. 


Hydrochlorate of Pyridine.—When hydrochloric acid is saturated with pyridine, 
and the solution evaporated on the water bath, the salt remains in the form of a 
thick syrup, so long as it is warm, but on cooling, crystals slowly make their 
appearance, and gradually shoot through the fluid, which is eventually converted 
into a hard radiated mass. The salt deliquesces when exposed to moist air, and 
sublimes unchanged at a high temperature. It is very soluble in alcohol, but less 
so than in water. It is insoluble in ether. 

Hydriodate of Pyridine.—This salt crystallizes in tabular crystals, readily 
soluble both in water and alcohol, but not deliquescent. An analysis of the salt 
in an impure state will be afterwards given. 

Hydrobromate of Pyridine.—A deliquescent salt, obtained on evaporatiou as 
a mass of acicular crystals. 

Nitrate of Pyridine.—fhis salt is easily obtained by mixing nitric acid and 
the base. Ifthe acid be concentrated, and the base dry, or nearly so, much heat 
is produced, and the mixture rapidly solidifies into a mass of short needles, which, 
when expressed between folds of blotting-paper, closely resembles loaf-sugar. — 
The salt is purified by solution in hot water, or better in boiling spirit. On cooling, 
it is deposited from the latter solution in fine needles, which can easily be obtained 
an inch long, even when operating on a very small scale. Sometimes it appears 
in short thick prisms. It is not deliquescent, but is extremely soluble in water, 
less so in alcohol, and not at all in ether. When heated in a retort it melts; and if 
the temperature be raised very gradually it sublimes as a white woolly mass; but, 
if briskly heated, it distils in the form of a thick oily fluid, which solidifies in the 
neck of the retort to a mass of acicular crystals. If the heat be carefully regu- 
lated it sublimes without undergoing the least change, but if rapidly distilled, 
a small quantity of red fumes are occasionally seen. Heated on a platinum knife 
it catches fire and burns with great brilliancy, and a rapidity almost approaching 
to deflagration. Analyses made on different preparations gave the following 
results :-— 


9-238 ... carbonic acid and 


5954 grains of nitrate dried at 212° gave 
I 
2˙358 water. 
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6-036 grains of nitrate dried in vacuo gave 
II. ¢ 9377 ~~ —. carbonic acid and 


2°324 Water, 
III. 6-889 ... carbonic acid and 
1733 water. 
7118 grains of nitrate dried at 212° gave 
IV. 111000 — carbonic acid and 
2°767 Vater. 
Experiment. Calculation. 
Carbon, 42°31 42°37 4217) 42:18 42.25 8g, 
Hydrogen, 440 4-28 4°32 431 4-22 6 
Nitrogen, .... ses ove 19-73 N, 28 
Oxygen, 33°80 O, 48 
100-00 142 


These results . completely with the formula C. H, N HO NO, 


Bisulphate of Pyridine.— When sulphuric acid is supersaturated with pyridine, 
and evaporated in the water bath, a crystalline mass is left which is deliquescent, 
and soluble in all proportions in water and alcohol, but insoluble in ether. Its re- 
action is highly acid, and analysis showed it to be a bisulphate. 


21°012 grains bisulphate of pyridine, gave 
{ 27°867 . sulphate of baryta= 45-50 per cent. of sulphuric acid, 


The formula C,,H,N 2HO SO, requires 45°19. 


Double Salts of Pyridine. 


The platinochloride of pyridine has been already described in the second part 


of this investigation. 
Aurochloride of Pyridine —This salt is immediately thrown down as a fine 


. . lemon-yellow crystalline powder when chloride of gold is added to a solution of 


hydrochlorate of pyridine. It dissolves readily in hot water, and is deposited, on 
cooling, in fine yellow needles, little soluble in cold water, and insoluble in al- 
cohol. Analysis gave— 
46°40 ... carbonic acid and 
1450 ... water. 
I 1 grains aurochloride gave 
[3440 ... gold. 
U. 
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{tous grains aurochloride gave 
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Experiment. Calculation. 

14:32 C,, 60 
Hydrogen, . 169 143 
Nitrogen, n, Mer 3.34 N 14 
4680 4662 47:01 Au 197 

100-00 419 


Corresponding with the formula C. H, N HCl Au Cl, 

When pyridine is added to a moderately dilute solution of sulphate of zine 
in considerable excess, oxide of zinc is precipitated. And if a quantity of hydro- 
chloric acid insufficient to neutralize the pyridine be then added, the fluid instantly 
becomes clear; but if it be stirred briskly, it rapidly fills with an abundant crys- 
talline precipitate of a double salt. The salt dissolves with facility in boiling 
water, and is deposited, on cooling, in long, brilliant needles. Sulphate of cop- 
per, when treated in a similar manner, gives a pale greenish-blue precipitate, so- 
luble in boiling water, from which it crystallizes in fine bluish needles. The salts 
of manganese and nickel, and protoxide of iron, appear also to form double salts, 

but they are very soluble, and have not been particularly examined. 


Products of the Decomposition of Pyridine. 


Pyridine, like all its homologues, is an exceedingly stable base, and resists the 
action of oxidising agents. It may be boiled with the most concentrated nitric — 
acid, or with chromic acid, without undergoing decomposition; and treatment 

with the former acid affords an invaluable means of freeing those bases from any 
empyreumatic matters with which they may be mixed. _ 

Action of Chlorine on Pyridine.—The action of chlorine on pyridine depends 

upon the mode in which that agent is employed. When a current of the gas is 
passed through an aqueous solution of the base it is rapidly absorbed, the fluid 
acquires a dark brown colour, and evolves a peculiar pungent odour; and on 
the addition of potash, the smell of unchanged pyridine becomes apparent, while 
a quantity of a dark brown resinous matter is separated. But if an excess of 
pyridine be thrown into a large bottle of dry chlorine, and distributed over the 
sides as rapidly as possible, in order to prevent rise of temperature, it remains 
perfectly colourless, and is converted into a mass of radiated crystals. On the 
addition of water the crystals dissolve, leaving a quantity of a snow-white amor- 
phous powder, and hydrochlorate of pyridine is found in the solution. The 
white powder has a faint smell, not unlike that of bleaching powder. It is inso- 
luble in water, but dissolves in alcohol, and is precipitated again in white flocks 
on the addition of water. When boiled for some time with water it softens, but 
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does not thoroughly melt, and at the same time exhales a peculiar irritating vapour, 
due, apparently, to partial decomposition. It is insoluble in hydrochloric acid 
strong nitric acid dissolves it, and the solution on boiling gives off red fumes; but 
on the addition of water the original substance is deposited apparently unchanged. 
Potash colours it brown, and on boiling dissolves it, giving a dark brown solution, 
from which acids precipitate brown flocks. Ammonia, and even carbonate of 
ammonia, produce a similar decomposition. When heated, it swells up, giving off 
a pungent smell, and leaving a bulky charcoal. This substance has not been ana- 
— lysed, but the corresponding product of the decomposition of picoline has been 
examined, and there can be no doubt that the two substances are of analogous 
constitution. I shall defer any observations on this point until I come to treat of 
the picoline compound. | 

Action of Bromine on Pyridine.—When bromine water is gradually added to a 
solution of pyridine, the fluid becomes muddy, and as the quantity of bromine 
increases, an abundant precipitate appears, and collects at the bottom of the ves- 
sel in the form of a reddish mass of a more or less resinous appearance. This 
substance is insoluble in water, but soluble in alcohol and ether. When boiled 
with water it melts and emits a pungent and irritating odour, resembling that of 
bromine. Hydrochloric acid decomposes it, dissolving pyridine, and liberating 
bromine, which collects at the bottom of the fluid. Potash likewise decomposes 
it, evolving pyridine, and combining with bromine. These characters lead to the 
conclusion that the substance is a direct compound of pyridine, with in all proba- 
bility, several equivalents of bromine; but its properties were not so definite 
as to induce me.to prepare it on a scale sufficiently large for a detailed exami- 
nation and analysis. When dry pyridine is thrown into dry bromine vapour, it 
immediately solidifies into a crystalline mass, which dissolves in water, with 
the exception of a small quantity of a brownish flocky matter, probably analogous 
to the compound produced by similar treatment with chlorine. The solution in 
water becomes dark-coloured on evaporation, and yields a syrup which solidiſies. 
on standing, into a mass of minute crystals of hydrobromate of pyridine. 

Action of Iodine on Pyridine. When a mixture of pyridine and tincture of 
iodine is evaporated to dryness on the water-bath, a dark brown mass is left, 
which dissolves partially in water, leaving a quantity of brown crystals, too small 
in amount to admit of examination, and which are very easily decomposed. 
They appear to be a product similar to the iodine compounds of the fixed bases. 
The watery solution contains a quantity of a brown matter, removable by animal 
charcoal, and the fluid, on evaporation, yielded crystals which analysis proved to 
be the hydriodate of pyridine, although not quite pure. 


f 5°774 grains dried at 212° gave 
... iodide of silver. 
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Experiment. Calculation. 
Carbon, 2901 C10 6% 
Hydrogen, 500 20790 6 
Nitrogen, ove 6°74 N 14 
Todine, 62°43 61°35 I 127 
100-00 207 


Corresponding with the formula C. H, N HI. 


Picoline and its Compounds. 


The compounds of picoline have already been pretty fully described in my 
original paper on that base, but the possession of a larger quantity has induced 
me to examine more in detail some of the products of its decomposition, and to 
determine with greater exactitude certain of its physical properties. In the 
paper just referred to I fixed its boiling point at 272°; but an experiment made 
on a larger scale has convinced me that this is too low, and that when quite 
pure it boils at 2755. The specific gravity at 32° is 09613. The density of its 
vapour was determined by Dumas’s method with the following results :— 


Temperature of the air, 13° cent. 
vapour, : 166° . 
Excess of weight of the aimee 0 : . 03490 gramme. 
Capacity of do., 288 c, o. 
Barometer, ‘ 762 m. m. 
Specific gravity of vapour, 3°29 
The formula C,, H, N requires— 
12 vol. carbon 08290 x 12=9-9480 
1 . hydrogen ... 0.0492 x 14=0-9685 
.. nitrogen. 209713 x 2=—1'9626 
12·8591 
= 3˙214 


Nitrate Picoline.— This salt has been already described as a deliquescent 
crystalline mass, but I have now succeeded in obtaining it in prismatic crystals 
of considerable size, which are formed when a quantity of the dry salt, covered 
with a saturated solution, is left for some weeks in a closely-stoppered bottle. 
At the end of that time the salt has been converted into a small number of four- 
sided prisms terminated by dihedral summits. Analysis gave— 


- carbonic acid and 


5-080 grains dried at 212° gave 
8-580 
2.395 water. 
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Experiment. Calculation. 
Carbon, 46-06 46-15 C,, 72 
Hydrogen, . . 5-23 5-12 8 
Nitrogen, . 3 17:96 N, 28 
Oxygen, — 30°77 0, 48 
100-00 156 
And its formula is C,,H,N HO NO,. 


Products of the Decomposition of Picoline. 


Action of Chlorine on Picolins.— The action of a current of chlorine on pico- 
line, both dry and dissolved in water, has been already described, and the results 
were not such as to induce further experiments in this way. But when an excess 
of picoline is projected into dry chlorine gas, it is rapidly converted into a more. 
or less distinctly crystallized mass, which, when treated with water, leaves a 
quantity of an amorphous powder of dazzling whiteness. The properties of this 
substance are so like those of the corresponding pyridine compound, that the same 
words would almost serve to describe it. It is insoluble in water; but alcohol dis- 
solves it easily, and the solution, when boiled, undergoes decomposition ; an ethe- 
rial odour, not unlike that of hydrochloric ether, and probably due to the forma- 
tion of that substance, is first produced, and that is followed by a pungent vapour. 
It is insoluble in the dilute acids, but soluble in concentrated nitric acid. Potash 

decomposes it in the cold, and more rapidly if heated. Heated on platinum, it 
gives off a very pungent vapour and leaves a bulky charcoal. It is decomposed 
when heated in the water bath. The portion used for analysis is dried in racuo. 
The results were,— 


5.550 grains dried in vacuo gave 
6°170 ... carbonic acid and 
1100 water. | 
4°445 grains burnt with lime gave 
9-265 chloride of silver. 
Calculation. 
Hydrogen 2-20 2°14 H, 5 
Nitrogen, eee 5°02 N 14 
Chlorine, 6154 60˙94 Gd. 142 
233 
This corresponds very closely with the formula 
II 
} NHC. 
12 Cl; 


or that of the hydrochlorate of a base produced by the substitution of three 
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equivalents of chlorine for three of hydrogen in picoline, and which would be 
called trichloropicoline. This view derives confirmation, from the fact, that 
when exposed to 212’, the substance loses an equivalent of hydrochloric acid, as 
shown by the subjoined experiment. 


{ 2-815 grains heated to 212° gave 
5960 ... chloride of silver. 


This corresponds to 52°35 per cent. of chlorine, while the formula C12 os } N re- 
3 
quires 54°2. Although this is only a very distant approximation to the theore- 
tical number, the discrepancy is not greater than might be expected when the 
properties of the substance, and the fact that it is coloured brown in the water 
bath, are taken into account. 


Action of Sodium on Picoline. 


When sodium is thrown into picoline in the cold, it remains unchanged, and 
preserves its metallic lustre; but if the picoline be heated to its boiling point, an 
action begins to manifest itself, brown streaks are seen to appear on the surface 
of the sodium, and after continued boiling, the whole fluid becomes dark brown, 
and at length nearly black and viscid. In order to examine this change more 
minutely, picoline was introduced into a Florence flask, with a quantity of sodium, 
which varied in different experiments from a fourth to an eighth of its weight; 
and a long tube being fixed into the mouth of the flask, it was heated in the oil 
bath in such a manner that the picoline cohobated freely. The action requires 
some days for its completion, and at the end of that time the contents of the flask 
are converted into a dark brown hard resinous mass, containing lumps of un- 
changed sodium. The resinous matter contained sodium in some form of com- 
bination which could not be determined; the properties of the substance not being 
such as to induce an extended examination. It burnt with a smoky flame, 
leaving soda; and, when exposed to the air showed a tendency to deliquesce, and 
became sticky on the surface. The pieces of sodium having been carefully re- 
moved, the resinous matter was thrown into water, and on standing it was slowly 
converted into a thick viscid and very dark-coloured oil, much heavier than 
water, while soda was found in the solution. The oil smelt more or less dis- 
tinctly of picoline, according to the length of time during which the action had 
been carried on. After having been carefully washed, so as to remove the soda, 
and then distilled with water, picoline passed over, and there was left behind a 
thick oily base, requiring a very high temperature for its distillation, and to which, 
for reasons to be afterwards explained, | give the name of parapicoline. 

Parapicoline.—In the preparation of this base it was found not to be advan- 
tageous to push the action of sodium to the extreme; and the cohobation was 


| | 
| 
| 
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generally stopped at the end of the second day, when a considerable quantity of 
the picoline still remained unchanged, and the contents of the flask had acquired 
the consistence of treacle. The flask was then broken, the sodium removed as 
completely as possible, and the whole, along with the pieces of broken glass, to 
which a considerable quantity of thick matter adhered, was thrown into water. 
When the oil had collected at the bottom, which generally required some hours, 
the pieces of glass were removed, the supernatant fluid decanted, and the oily 
base washed with water, so as to remove the soda and the greater portion of the 
unchanged picoline. Occasionally a somewhat different process was adopted ; 
the cohobating tube being replaced by another bent at right angles, and the heat 
continued, so as to distil off and recover the dry picoline; but this was found 
less convenient, as the increased viscidity of the contents of the flask rendered its 
after-treatment more troublesome. The well-washed oil was introduced into a 
small retort, and heat applied. At first a watery fluid containing picoline came 
over, then dry picoline appeared, and subsequently an oil insoluble in water, 
hegan to distil ; while a thermometer, placed in the tubulature of the retort, rose at 
first very rapidly, afterwards more slowly, until, towards the end of the distilla- 
tion, the temperature reached a point considerably beyond the range of the ther- 
mometer. Some crystals.of carbonate of ammonia made their appearance in the 
neck of the retort ; traces of pyrrol could be distinguished, and a quantity of 
charcoal was left. These experiments rendered it sufficiently obvious that the 
new base possessed a boiling point so high, and so near its point of decomposition 
as to render necessary the utmost precautions for its purification. The first por- 
tion of the distillate which contained unchanged picoline was therefore rejected, 
and the remainder was heated in a retort immersed in the oil-bath to the boil- 
ing point of picoline, while a current of dry hydrogen was passed through it. 
At first a small quantity of picoline and some crystals of carbonate of ammonia 
made their appearance; and when these ceased to increase, the temperature of 
the bath was raised until it reached 380°, when the receiver was changed, and 
the heat maintained as steadily as possible between that point and 400, the 
current of hydrogen being continued all the time. The base was thus made to 
- evaporate at a temperature considerably under its boiling point, and was obtained 
ina much more satisfactory state, but even then it was not absolutely pure, as 
it still gave faint indications of pyrrol, although the quantity must have been 
excessively small; and though wholly-soluble in acids, the solution retained a 
distinctly empyreumatic smell. The small scale on which it was necessary to 
experiment rendered it impossible to adopt any very efficient means of removing 
these impurities; but by a second rectification in the current of hydrogen, when 
the first portions were again rejected, a considerable improvement took place. 
Parapicoline is a pale yellow oil of the consistence of a fixed oil, which ac- 
quires a brown colour by exposure to the air. It is insoluble in water, although 


| 
| 
| 
| 
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it communicates its smell to that fluid when shaken with it. It dissolves in all 
proportions in alcohol, ether, the fixed and volatile oils. It has a highly charac- 
teristic empyreumatic smell, quite distinct from that of picoline, without pungency, 
and closely resembling that of the bases extracted from the portions of Dippel’s 
oil of very bigh boiling point, and which not improbably contain it. Its smell 
adheres pertinaciously to the fingers. It fumes slightly when a rod dipped in 
hydrochloric acid is brought near it, and restores the blue colour of reddened 
litmus. Boiled with strong nitric aeid, it gives off red fumes, and on dilution 
with water a small quantity of a resinous matter deposits, but the greater 
part of the base is separated unchanged on the addition of potash. It gives an 
emerald-green precipitate with sulphate of copper, which dissolves in hydro- 
chloric acid, and forms a green solution, containing a double salt. Most of its 
compounds are uncrystallizable, and readily soluble in water. Its specific 
gravity is 1077, and it boils between 500° and 600° Fahrenheit, and is partially 
decomposed. The portions employed for analysis were very carefully distilled 
for that purpose. Owing to the high boiling point, some difficulty was expe- 
rienced in the combustion, and it was found convenient to weigh the substance 
in a small open tube, which was passed into the combustion tube. The results 
were,— 


3°060 grains of parapicoline gave 
I. 4 8-730 carbonic acid and 
2°158 water, 
3-707 grains of parapicoline gave 
II. 4 10°601 carbonic acid and 
2°655 water. 
4-270 grains of parapicoline gave 
III. 4 12195 carbonic acid and 
3072 . water. 
Experiment Calculation. | 
Carbon, F781 77°99 77°89 77°42 72 
Hydrogen, 7˙96 7 
Nitrogen, 15°05 14 
10-000 93 


These numbers correspond almost exactly with those of picoline itself, as in- 
dicated by the calculation. The quantity of carbon in all the analyses is con- 
siderably above that required by theory; but it is easy to understand how a 
small quantity of empyreumatic matters formed during the decomposition may 
produce this effect; and itis sufficiently obvious that the base is isomeric with 
picoline. This is further confirmed by the analysis of its platinum salt, which is 


—„—-— 
| 
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immediately precipitated when bichloride of platinum is added to a solution of 
the hydrochlorate of parapicoline, as a pale yellow powder, almost insoluble in 
water. The results of the analysis were as follows: 


2-059 
IL. 11670 gave 
Experiment Criculation. 
Carbon, . ies sa 24°07 Cis 72 
Nitrogen, 4°67 N 14 
Chlorine, 35-59 d, 
Platinum, ' . 82°69 32°28 32-98 Pt 98˙7 
100-00 299:2 


These numbers correspond with the formula C,,H,N HCl PtCl,, which is 
that of the picoline salt; and the analysis would thus lead us to the conclu- 
sion that parapicoline is strictly isomeric with that base. But when its high 
boiling point and other properties are taken into consideration, it is impossible 
to resist the inference, that its real constitution must be different; and I believe 
it ought to be represented by the formula C. H, N., and that it is produced by the 
combination of two equivalents of picoline. Unfortunately the high boiling point 
of parapicoline precludes the determination of the specific gravity of its vapour ; 
and as it is not possible in any other way to establish its true constitution, we 
are compelled to assume, as the most probable hypothesis, that it is produced 
by a species of reduplication, of which we have already numerous examples in the 
other classes of organic compounds, although this is the first instance in which 
it has been observed among the bases. The conversion of cyanic into cyanuric 
acid is a completely analogous case, the more especially as the three equivalents 
of cyanic acid which have combined retain their power of neutralizing as many 
equivalents of base. The simultaneous production of amilene, paramilene, and 
metamilene, during the action of sulphuric acid on amylic alcohol, may also be 
referred to as cases in which a somewhat similar reduplication occurs. It is very 
difficult to explain the mode in which the sodium produces the combination of 
the two equivalents of picoline, but it may possibly be due to a species of catalytic 
action, as a large quantity of the sodium employed is always recovered un- 
changed. A certain quantity of it, however, enters into some sort of combination 
with the picoline or parapicoline, to produce the resinous compound already 
mentioned; and it appears most likely that this substance is a sodiopicoline, 
represented by the formula C. H. Na N, in which an equivalent of hydrogen has 
been replaced by sodium. The action of water upon the resinous matter would 
then be represented by the following equation :— | 
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2 (C,,H,Na N) + 2HO = C,,H,.N, + 2Na0. 


If this be.the case, hydrogen ought to be evolved during the action of sodium 
on picoline, but owing to the slow nature of the action which takes place, I have 
not been able to satisfy myself that such is the case. 

Whatever be its nature, parapicoline must be considered a very remarkable 
base, and altogether unique in the mode of its production, but it is completely 
analogous in its constitution to nicotine, for the determination of the density of 
the vapour of that base has shown incontestably that its rational formula is 
C. HN, and that of its platinum salt, C,,H,,N 2HCl Pt, Cl.. I think it can 
scarcely be doubted that nicotine, like parapicoline, has been formed by the 
combination of two equivalents of a base boiling at a temperature not greatly 
exceeding 212°, and which will some day be discovered. I have attempted to 

reconvert parapicoline into picoline, but without success; for though the change 
appears to be partially effected by rapid distillation, the process is not definite, 
much carbonate of ammonia being produced. 


Salts of dee 


The salts of parapicoline are chiefly uncrystallizable, and present but few 
points of interest. I have therefore submitted them to a very cursory exami- 

nation. 

Sulphate of Parapicoline is obtained as a gummy mass, very soluble in 
water, less so in alcohol. It shows no signs of crystallization. 

Nitrate of Parapicoline is obtained by saturating nitric acid with the base, 
and evaporating. A syrupy fluid is left, which slowly solidifies on cooling into a 
mass of short needles. It is exceedingly soluble in water, 25 so in alcohol, 
and it does not deliquesce. - 

Hydrochlorate of Parapicoline is an amorphous resin, very soluble in water. 

Hydrargochloride of Parapicoline. A solution of corrosive sublimate imme- 
diately gives an abundant curdy precipitate of this salt when added to an alco- 
holic solution of parapicoline. It is insoluble in alcohol and in water, but is 
instantly dissolved on the addition of a few drops of hydrochloric acid. 

Aurochloride of Parapicoline, is a yellow insoluble amorphous substance, 
decomposed at the boiling heat. 


The details now given, as well as those contained in the preceding parts of 
this investigation, may serve to illustrate with sufficient fulness the general 
characters of the bases of the pyridine series. It remains for me only to direct 
attention to their physical properties, which illustrate in a very striking manner 
the relations subsisting between the different members of a homologous series. 
The particulars of most of the experiments have been already given, and it is 
only necessary to add those by which the specific gravity of the vapour of luti- 
dine was determined. } 
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Temperature of the air, 17° cent. 
vapour, é Sor” 
Excess of weight of the balloon, 0°4493 grammes. 
Capacity of 302 c. e. 
Residual air, 0 
Specific gravity of the vapour, 3-839 
The formula C. H, N requires 
14 vol. carbon vapour, = 0°8290 x 14 11-6060 
18 vol. hydrog-u, = 0°0692x18= 12456 
2 vol. nitrogen, = 09713 x 2= 1:9426 
147042 
=3°699 


In the following table I have collected the whole of the data, all having been 
carefully Wee WH meen purer materials than those used in my ori- 
ginal experiments,— 


Specific Gravity. 


Formula. | Boiling Point. — Diff. 


Vapour. | Liquid at 32°| at 32°. 


Pyriding, . 24 | 20916 09886 90 


Pieoline, C,,H,N | 275° 3-290 | 0-9613 96-7 16°6 
Lutidine, C HN 310° | 3839 | 09467 | 113-0 16°3 
Collidine, C,,H,,N | 356° 09439 | 1282 15-2 


The boiling points of pyridine, picoline, and lutidine agree remarkably well 
with Korr's law, but collidine differs very materially from it. Less reliance, 
however, is to be placed upon the boiling point of the last substance, as it was 
determined upon a very small quantity of material. The specific gravities of the 
vapours agree very closely with theory, while those of the fluids themselves, 
taken at 32°, illustrate also in a very remarkable manner the gradual diminution 
which is observed when we ascend through a series of homologous substances. 
To these experimental numbers have been added the specific volumes of the bases 
at 32°, calculated from the data they afford: but no determinations of the co- 
efficient of expansion of these substances having been made, it is not possible 
to ascertain their specific volumes at the boiling points, although from the rapidity 
of their expansion, I believe it will be found that the difference must approach 
very closely to 22, which is that produced in non-nitrogenous substances by the 
addition of C,H, to their atom. se 


| 
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Pyrrol. 

Reference has frequently been made throughout the course of this investiga- 
tion to the substance discovered by Rox“ in coal-tar, and called by him pyrrol. 
This substance he described as a gas, although he appears never to have prepared 
it in a pure state, but simply to have obtained its very singular reaction with 
fir-wood; and he mentions that it occurs in very small quantity, and accom- 
panies the ammonia produced during destructive distillation. In the second part 
of this paper, when describing the preparation of the bases from crude bone oil, 
it was stated that the acid solution afforded on distillation a quantity of an oil 
possessing in a high degree the characteristic reaction of pyrrol, and which was 
decomposed when boiled with moderately concentrated acids, with the precipita- 
tion of a red resinous matter, while the fluid was found to contain different num- 
bers of the pyridine series of bases. From these facts I was led to infer that this 
oil contained a series of bases in which pyridine and its homologues were coupled 
with some substance which was separated by acids, and converted into the red 

in,—an opinion which further experiment has entirely refuted. 

The oil collected during the distillation of the acid solution of the crude 
pyridine bases, had a peculiarly fetid and disagreeable smell, and was at first 
colourless, but soon acquired a reddish colour, and after a few days became 
nearly black. When freed from water it began to distil about 250°, and a ther- 
mometer placed in the tubulature of the retort gradually rose as the distillation 
proceeded, until at length it reached nearly 400°. The greater proportion of the 
oil passed between 280° and 310°, but large fractions were obtained at much 
higher temperatures. All the fractions had a characteristic smell different from 
that of the pyridine bases, and gave instantaneously the reaction of pyrrol. When 
treated with acids, the red resinous matter was deposited, and the filtered fluid, 
on treatment with potash, evolved the smell of different members of the pyridine 
series, according to the boiling point of the fraction selected for.the experiment. 
The oil containing pyrrol was now subjected to a systematic fractionation; and it 
was found, after several rectifications, to manifest a decided tendency to concen- 
trate itself towards a fixed point, the fractions collected between 270° and 280°, and 
280° and 290°, greatly exceeding the others in bulk. The oil obtained at these tem- 
peratures was perfectly transparent and colourless when freshly distilled, but 
soon acquired a brown colour, though much less rapidly than the crude sub- 
stance. When agitated with very dilute acids, a certain portion of it immediately 
dissolved, but the remainder was very slowly acted upon, and required a large 
excess of acid, and much shaking, in order to make it dissolve, which, however, 
it eventually did completely. This fact appearing to indicate that the substance 


* Poggendorf’s Annalen, vols. xxxi, and xxxii. 
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was a mixture, it was shaken up with a small quantity of dilute acid, and the 
watery solution withdrawn. On the addition of caustic potash to this solution, 
an oil separated, which had the smell of picoline mixed with that of pyrrol. For 
the purpose of separating this picoline, the whole of the larger fractions were 
mixed and shaken up with a small quantity of very dilute sulphuric acid, and 
the solution, after being siphoned off, was replaced by another quantity, and 
this was repeated a third time. The oil was thus diminished by about a third 
of its bulk, and the whole of the picoline or other bases appearing to have been 
removed, it was carefully dried by means of sticks of caustic potash, and again 
rectified, when its boiling point was found to have been materially reduced. It 
began to boil at much the same temperature as the crude oil, but the largest 

fraction was now collected between 270° and 280°, while that which boiled above 
290° formed only a very small proportion of the whole; and after fifteen rectifi- 
cations, it was obtained in such a state that it distilled almost entirely between 
274 and 280°. In this condition it is a transparent and colourless oil, slowly 
acquiring a brown colour when exposed to air and light. It has a strong fetid 
smell, quite distinct from that of picoline, and a hot pungent taste. A piece of 
fir-wood, dipped in hydrochloric acid brought near its vapour, instantly acquires 
a fine red colour. When boiled with a dilute acid, it is immediately converted 
into a red resinous mass, which fills the fluid so completely, that the vessel con- 
taining it may be inverted without anything escaping. The fluid filtered from 
this substance is brown, and contains a small quantity of it in solution. After 
boiling for some time, so as to get rid of a peculiar smell which adhered to the 
fluid, and decompose the last traces of pyrrol, caustic potash was added, when 
the smell of ammonia, faintly contaminated with that of picoline, was evolved. 
The solution having been distilled, the ammonia was saturated with hydrochloric 
acid and bichloride of platinum added, when the platinochloride of ammonium 
was immediately precipitated, and the filtrate, on further evaporation, yielded 
an additional quantity of that salt, along with some indications of a more soluble 
platinum compound. For a long time I considered the oil prepared by the pro- 
cess now detailed to be pyrrol in a state of as great purity as it was possible to 
obtain it; and, as will be afterwards scen, it gave in different preparations, 
analytical results in perfect accordance with one another, and with its true 
formula ; but in the course of examining the effect of different reagents upon it, 
it was found that caustic potash exerted a very singular and perfectly unique 
action, disclosed the presence of a small quantity of some impurity, and afforded 
the means of removing it, when the properties of the pyrrol underwent a very 
remarkable change. When pyrrol is mixed with five or six times its weight of 
caustic potash in coarse powder, and heated over the lamp in a flask fitted with 
a long tube, it at first cohobates very freely; but if the temperature be gradually 
raised, the fluid is found to distil up into the tube much less readily, and at 
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length the bottom of the flask may be heated nearly red hot, while a very insig- 
nificant quantity of oil distils up. In performing this process, glass flasks were 
corroded by the caustic potash long before the action was complete, and it was 
found very convenient to employ copper flasks made by the electrotype process. 
A plaster of Paris mould was taken from a glass flask of convenient size and 
shape; and from that a wax cast was made and electrotyped in the usual way. 
After about a week the copper was sufficiently thick for use. In such flasks 
pyrrol was boiled for a day or two with caustic potash, the heat being raised as 
high as an Argand or Bunsen’s gas-lamp would bring it. A bent tube was then 
fitted into the mouth of the flask, and the heat again applied, so as to distil off all 
the oil that could be obtained. The distillate had the smell of pyrrol mixed more or 
less distinctly with that of picoline, and the preponderance of the latter smell 
depended on the quantity of potash having been sufficiently large to retain the 
true pyrrol, which, however, it was not possible to do entirely, even when a very 
large excess of potash was used. When the whole of this oil had distilled, the 
bent tube was removed from the mouth of the flask, and the still fluid potash 
poured out on a copper plate. | 

On cooling, it solidified into a hard white mass with a yellowish tinge, which, 
when perfectly dry had no smell, but it was only necessary to breathe upon 
it to cause it to exhale a delightful etherial and fragrant odour, not unlike 
that of chloroform, but softer and less pungent. When thrown into water 
the potash gradually dissolved, and a transparent and colourless oil col- 
lected on the surface of the solution, from which it was separated either 
by a pipette or by distillation. The potash solution on saturation with sul- 
phuric acid evolved the smell of a fatty acid, and when distilled, yielded a 
fluid which reddened litmus strongly, and had a smell resembling that of 
valerianic acid. The distillate was saturated with carbonate of soda, and 
the solution evaporated to complete dryness and extracted with absolute alco- 
hol. The alcoholic fluid was again evaporated, the residue dissolved in 
water, and a quantity of solution of nitrate of silver insufficient for com- 
plete precipitation added to it, and the precipitate was collected on a filter 
and washed. Another quantity of nitrate of silver was then ad , and the 
precipitate collected, and finally, enough of the nitrate was used .v throw the 
remainder of the fatty acids in the fluid. In this way three different silver 
salts were obtained, which were separately analysed. The first precipitate 
gave :— 


6-273 grains of silver salt gave 
6510 ... carbonic acid and 
2452 ... Water. 

5°192 grains of silver salt gave 
2697 ... silver. 
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Experiment. Calculation. 
Carbon, 28-30 28-71 3 
Hydrogen, 4°34 4°31 9 
Silver, 51-94 51-67 Ag 108 
Oxygen, 15°31 0, 32 
100-00 209 


which corresponds completely with the valerianate of silver. The second precipi- 
tate was manifestly a mixture, and gave variable quantities of silver, generally 
about 2 per cent. under that required by the valerianate: But the third precipi- 
tate consisted of propionate of silver, as shown by the subjoined analyses: 


I. 5-002 grains of the third precipitate gave 2.993 grains silver. 


II. 4796 another preparation gave 3-848 
Experiment. Calculation. 

Carbon, . eee eee eee 19-89 C 36 
Hydrogen, 2-76 H, 5 
Silver, . 5983 59°38 59°50 59°66 Ag 108 
Oxygen, . ave * ose 17°69 0. 32 

100-00 


It thus appears that the crude pyrrol contained a small quantity of some sub- 
stances yielding valerianic and propionic acids when acted on by potash. The 
exact nature of these compounds it was impossible to determine, as their quantity 
was extremely minute, and the silver salts obtained from a very considerable 
quantity of pyrrol, were no more than sufficient for the analyses just detailed. 
The fragrant pyrrol separated from the potash solution by distillation is trans- 
parent and colourless, when freshly prepared, but acquires a brown colour by 
exposure to the air. Its taste is hot and pungent, and its smell pleasant and 
etherial, and recalls that of chloroform. It is sparingly soluble in water, but 
readily in alcohol, ether, and the oils. It is insoluble in alkaline solutions, but 
the acids dissolve it, although not very rapidly. Its specific gravity is 1-077, and 
it boils at 271°. It gives the remarkable reaction on fir-wood described by 
RunGE in a very powerful manner. The reaction is best obtained by dipping a 
piece of fir-wood in concentrated commercial hydrochloric acid, and holding it 
near a vessel containing pyrrol, or in a current of its vapour; a pale pink colour 
immediately makes its appearance, and gradually deepens to an intense carmine. 
All kinds of fir-wood do not produce the reaction equally well, and it appears to 
depend in some way upon the resin, for if fir saw-dust be extracted by alcohol 
or ether, arid bits of cotton or linen cloth dipped’in the solution, they acquire the 
Property of becoming red, when exposed to pyrrol vapour, after having been 
moistened with hydrochloric acid, although the colour is by no means so brilliant 


— 


— 


as that developed on the wood itself. When agitated with cold dilute acids, pyrrol 
- dissolves unchanged, but on heating the solution, it deposits a red flocky sub- 
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stance, and if not. too dilute, the whole is converted into a gelatinous mass, so that 
the vessel may be inverted without anything escaping. The same change takes 
place in the cold, when the acid solution is kept for some days. When bichloride 
of platinum is added to a cold hydrochloric solution of pyrrol, it instantly becomes 


dark coloured, and in the course of a few minutes an abundant black precipitate, 


containing platinum, is deposited. When boiled with sesquichloride of iron, the 
solution becomes first green, and finally black. Bichromate of potash also de- 
composes it with the formation of an abundant black precipitate, and sulphate 
of copper, when heated with it for some time, acquires a green colour, and a small 
quantity of a black powder is deposited. It is rapidly oxidized by nitric acid, 
with the evolution of abundant red fumes, and formation of a dark-red solution, 
which, when diluted, permits a yellow resin to fall. By long-continued ebullition, 
oxalic acid is produced. An alcoholic solution of pyrrol gives white precipitates 
with corrosive sublimate and chloride of cadmium, but it does not precipitate the 
metallic oxides generally. 

The combustion of pyrrol was very easily effected, and the results are sub- 
joined. The first six analyses were those of crude or fetid pyrrol, and are all from 
different preparations except the first two. The last is that of the fragrant 


pyrrol. 


5°805 grains of pyrrol gave 
I. 15250 ... carbonic acid and 
4:070 „ Water. 
3°675 grains of pyrrol gave ä 
II. 4 9625 carbonic acid and 
2°550 Water. 
5250 grains of pyrrol gave 
III. ¢ 13°830 ... carbonic acid and 
3°675 Water. 
4033 grains of pyrrol gave 
IV. ¢ 10-590 ... carbonic acid and 
2922 ... water. 
4-706 grains of pyrrol gave 
V. 4 12°345 carbonic acid 
3°307 „„ 
5:280 grains of pyrrol gave 
VI. 4 13°845 carbonic acid and 
3°676 water. 
5-213 grains of fragrant pyrrol gave 
3°649 Water, 


| 
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I. II. III. IV. V. i. Mean. 
Carbon. 71.64 7142 71.84 7164 7151 7184 | 
Hydrogen, . 8-17 8:05 7°80 774 7-77 7:85 
Nitrogen, bas dei 4. sve is 20°57 
100°00 


These results correspond with the formula C,H,N, which requires the fol- 
lowing numbers: 


8 eq. carbon = 48 71-64 


5 ... hydrogen, = 5 7°46 
1 . nitrogen, = 14 20°90 
67 100-00 


As none of the compounds of pyrrol are sufficiently definite to admit of their 
being used for fixing its atomic weight, recourse was had to the determination of 
the density of its vapour for this purpose, and three experiments were made at 
different stages of the investigation. The first was made after the pyrrol had 
received six rectifications and one treatment with acid, and its deviation from 
that required by theory showed that the material was not yet quite pure. The 
second, made after fourteen rectifications, and agitation with three successive por- 
tions of sulphuric acid, showed a close approximation to the theoretical number, 


while the third, made with the fragrant pyrrol, was as exact as could be desired. 
The details are as follow :— 


I. II. III. 


Temperature of the air, , . 16° e. 11° 13° 
vapour, 198° 186° 201° 
Excess of weight of the balloon, 0-2285 grammes. 02185 0˙1610 
Capacity of do. . . 324˙5 c. e. 328°5 303 
Barometer, 767 m. m. 744 764 
Residual air, ‘ 0 1°5 4 
Density of the vapour, 2°52 2°49 2°40 


The formula C, H, N requires :— 


1 vol. carbon vapour, 0: 8290 x 8 22 6320 
‘“ nitrogen, 09713 x 2= = 19426 


9-2666 


= 2:31 


Although the properties of the pyrrol now described are entirely distinct from 
those attributed to this substance by Runce, it cannot be doubted that they are 
really identical, although it is equally unquestionable that he never isolated his 
pyrrol, but merely obtained a small quantity of it held in solution by some gas, 
most probably a hydrocarbon. For this reason I think it right to retain his name, 
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although it is not formed in accordance with the received nomenclature of organic 
compounds, the more especially as it would be difficult, in the present state of our 
knowledge, to find another which would not be open to many objections. As far as 
its properties and chemical relations go, pyrrol approaches more nearly to the vola- 
tile organic bases than to any other class of nitrogenous compounds, but its basic 
properties are extremely weak, as it has no effect on test papers, and though 
soluble in dilute acids, can be expelled from the solution at the boiling heat. It 
forms, however, compounds with corrosive sublimate and chloride of cadmium, 
both of which are easily decomposed. 

Mercury Compound of Pyrrol.— This substance is obtained by mixing alcho- 
holic solutions of pyrrol and corrosive sublimate, when it is immediately precipi- 
tated as a white powder with a somewhat crystalline appearance, insoluble in 
water, and sparingly soluble in cold alcohol. It is more soluble on boiling, but 
is then partially decomposed. Excess of corrosive sublimate appears also to act 
upon it in some way, as the solution from which it has been deposited acquires, 
on standing, a dark red, and sometimes a fine purple colour, due, in all probabi- 
lity, to the oxidation of pyrrol. The substance employed for analysis was dried 
in vacuo, and was from different preparations :— . 


L 12 186 grains 8 compound gave 
acid. 


2-079 
8:906 grains of mercury compound gave 
II. ... carbonic acid and 
0-652 «+» Mater. 
III. J 7°181 grains of mercury compound gave 
4°77 mercury. 
Experiment. Calculation. 
Carbon, 788 C 48 
082 fl, 5 
Nitrogen, ; we, 2°31 N 14 
23°31 Cl. 142 
Mercury, — 66°89 6566 Hg, 400 
100-00 609 


Corresponding with the formula C, H, N + 2 Hg Cl, 


Cadmium Compound of Pyrrol is obtained as a white crystalline powder, when 
alcoholic solutions of pyrrol and chloride of cadmium are mixed. It is insoluble 
in water, but dissolves readily in hydrochloric acid. It is rapidly decomposed 
when heated, either dry or in suspension in water or alcohol. Its analysis gave 

| 1125 grains of cadmium salt gave 


4837 ... carbonic acid and 
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Experiment. Caleulation. 

Hydrogen, 2°19 2°44 w. 10 
Nitrogen, 687 N. 28 
Cadmium, 41-12 Cd, 168 
Chlorine, 2607 Cl, 1065 

100-00 408°5 

This agrees pretty closely with the formula 2 (C, H, N)+3Cd Cl. 
Products of the Decomposition of Pyrrol. 


The decompositions of pyrrol have not led to results as definite as might have 
been anticipated; and I have therefore restricted myself to the examination of 
the red matter produced by the action of acids, and even that has been attended 
with no little trouble and difficulty. — 

Pyrrol Red.—This substance, as has already been frequently observed, is 
produced whenever pyrrol is boiled with an excess of acid; but notwithstanding 
the apparently definite nature of the change, it is extremely difficult to obtain it of 
uniform composition. This is due in part to its tendency to retain a small quantity 
of acid, and in part also to the fact that continued boiling produces a farther 
action, attended by the production of a dark colour in the acid liquid. When 
this occurs, the red matter gives very variable results when analysed, and hence, 
owing to the impossibility of ascertaining the exact length of time during which 
the fluid should be boiled to insure complete formation of the red matter, with- 
out going too far, the results of the analyses are by no means as concordant as 
might be desired. After a good many trials, it was found that the most success- 
ful results were obtained in the following manner :—Pyrrol was dissolved with 
the aid of brisk agitation in sulphuric acid diluted with from four to six parts of 
water, and the solution heated over the gas flame, while the flask was constantly 
shaken. As soon as the red matter had separated in distinct flocks, it was thrown 
on a filter and rapidly washed with boiling water, until the acid was almost 
entirely removed, during which process the pyrrol red acquired a slightly brown 
colour on the surface. A small quantity of diluted caustic potash was then 
poured upon the filter, when the product immediately became of a fine orange 
colour, which it retained after having been washed free of potash. 

Pyrrol red is a fine, light, porous substance, with an orange-red colour, which 
becomes slightly brown by exposure to the air, especially when heated. It is in- 
soluble in water, and is not readily moistened by that fluid. It is slightly soluble 
in cold, more so in boiling alcohol; and is again deposited on cooling in amor- 
phous flocks. It is sparingly soluble in ether. Neither acids nor alkalies dissolve 
it, but if boiled with them for some time it is decomposed. Nitric acid oxidizes | 
it, with the production of a resinous substance ; and if the action be continued fora 
sufficient length of time, oxalic acid is found in the solution. When heated in 
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close vessels it yields an oil of an extremely offensive odour, and which gives the 
reactions of pyrrol, while a bulky charcoal is left in the retort. In the open air 
it catches fire, and burns readily. When exposed to 212° in the water-bath, it 
gains weight, owing to slow oxidation; and the portion used for analysis was 
therefore dried in vacuo. The results were 


6-381 grains of pyrrol red dried in vacuo gave 
I. 4 16770. ... carbonic acid and 
4172 «... water. 
II. J 6440 grains of pyrrol red gave 
"| 0846  ... nitrogen. 
6-910 grains of pyrrol red gave 
III. J 18816 ... carbonic acid and 
4172 ... water. 
6-043 grains of pyrrol red gave 
IV. 4 16054 ... carbonic acid and 
3764 «... water 
v. 6578 grains of pyrrol red gave 
nitrogen. 
6-132 grains of pyrrol red gave 
VI. 4 16243 . carbonic acid and 
3793 . Vater. 
I. II. Ill. Iv. v. vi. Mean. 
bad 71:77 72°45 wwe 72°20 71°98 
Hydrogen. 729 6-70 6°66 6°87 6-88 
13°14 14°05 13-58 
100-00 


These results approximate most closely to the formula C. H., N. Os, which 
requires 


24 eq. carbon, 144 71-28 
14 ,.. hydrogen, 14 6°93 
2... nitrogen, 28 13°86 
2 ... oxygen, 16 793 
202 100-00 


It is true that the numbers obtained by analysis do not accord well with this 
formula, and in particular the carbon is materially in excess, but this is undoubt- 
edly due to a further decomposition produced by boiling; for if the heat be con- 
tinued for some time during its preparation, the red matter acquires a dark- 
brown colour, and contains as much as 74 per cent. of carbon. The nature of 
the change by which the red matter is produced is readily intelligible, and is 
thus represented: 


3 equivalents pyrrol, C,, H,, N, 
—1 eq. ammonia, H, N 

C,, HI N 
+ 2 eq. water, ss U. : 0, 


1 eq. pyrrol red, ‘ C H,, N, 0, 
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The formation of ammonia during this decomposition was demonstrated by 
distilling the acid filtrate from the red substance with potash. The distillate, 
which had the smell of ammonia contaminated with an empyreumatic odour, 
and sometimes with that of picoline, was saturated with hydrochloric acid, and 
evaporated with excess of bichloride of platinum to nearly complete dryness. 
Octahedral crystals of platinochloride of ammonium were deposited, which were 
examined under the microscope, and found to be free from any other salt. 

The quantity of pyrrol contained in bone-oil is far from inconsiderable, and 
now that its properties have been investigated, it is easy to see that a great deal 
must have been destroyed during the treatment by which the crude bases were 
extracted. As my previous investigation of the picoline from coal-tar had shown 
that its neutral sulphate is converted into bisulphate by boiling, I took care to 
add to the crude sulphates extracted by agitating bone-oil with sulphuric acid, a 
large excess of acid before boiling it for the purpose of separating pyrrol; and 
in this way large quantities of the red matter in an impure state were produced 
during the early part of the investigation. It was only after I had advanced 
some way in the investigation that the cause of its formation became in- 
telligible, and the crude sulphates were then distilled without the addition 
of acid, and the pyrrol mixed with empyreumatic oils and bases of the pico- 
line series was obtained in quantity sufficient for investigation. The diffi- 
culty experienced in removing the last traces of pyrrol from the bases was very 
great, and it was necessary to boil the solution for several days; but I have now 
found that oxidizing agents, such as nitric acid, or, still better, bichromate of 
potash, offer invaluable means of purification, as they decompose the pyrrol with- 
out producing the slightest effect on the bases. 


In the present and preceding parts of this investigation, I have directed atten- 
tion to the basic constituents of bone-oil. In the next part, I propose to treat of 
its non-basic constituents, in the investigation of which some progress has already 
been made. In particular, it has been found that, by repeated rectifications, a 
fine volatile fluid, boiling as low as 150° Fahr., is obtained. This oil consists of 
at least two different substances, separable by means of a freezing mixture, 
which causes the fluid to divide into two perfectly distinct strata, with a well 
marked line of separation. The higher fractions do not present this peculiarity, 
but they are also complex, containing benzene, and apparently some of its homo- 
logues, along with the alcohol radicals of the fatty series, and also nitrogenous 
compounds decomposable by alcoholic solution of potash and by sodium. 


VOL. XXI. PART Iv. 7x 


( 597 ) 


XXXVI.—On the Application of the Theory of Probabilities to the Question of the 
Combination of Testimonies or Judgments. By Grondk BoOLE, LL. D., Professor 
of Mathematics in Queen's College, Cork. Communicated by Bishop Terror. 


(Read 19th January 1857.) 


1. The method for the solution of questions in the theory of probabilities ap- 
plied in this paper, is that which was developed by the author in a treatise entitled, 
“An Investigation of the Laws of Thought, on which are founded the Mathema- 
tical Theories of Logic and Probabilities.” The practical object of the paper is to 
deduce from that method certain conclusions relating to the combination of tes- 
timonies or judgments. Beside this, however, it will have a speculative reference 
to some more general questions connected with the theory of probabilities; and 
especially to the following question, viz.: To what extent the different modes in 
which the human mind proceeds, in the estimation of probability, may be consi- 
dered as mutually confirming each other,—as manifestations of a central unity 
of thought amid the diversity of the forms in which that unity is developed. 

The special problems relating to the combination of testimonies or judgments 
which are considered in this paper are the following: Ist, That in which the 
testimonies to be combined are merely differing numerical measures of a physical 
magnitude, as the elevation of a star, furnished by different observations taken 
simultaneously ; 2d/y, That in which the testimonies or judgments to be combined 
relate not to a numerical measure, but to some fact or hypothesis of which it is 
sought to determine the probability,—the probabilities furnished by the separate 
testimonies or judgments constituting our data. 

2. I have, in the treatise to which reference has been made, described the 
method which will be practically applied in this paper as a general one. It will, 
I think, ultimately appear that there is a true and real sense in which the pro- 
priety of the description may be maintained. But at present I am anxious to 
qualify the appellation, and to speak of the method as general only with respect 
to problems which have been resolved into purely logical elements, or which are 
capable of such resolution. A more thorough analysis of the mental phenomena of 
expectation will, I think, tend to establish the position that all questions of proba- 
bility, in the mathematical sense, admit of being resolved into primary elements 
of this nature, or, to speak more strictly, admit of being adequately represented 
by other problems whose elements are logical only. Postponing the consideration 
of this question, I will first endeavour to explain what is meant by the logical 
elements of a problem, and how the consideration of such elements affects the 
mode of its solution. : 
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I regard the elements of a problem relating to probability as logical, when its data 
and its queesitum are the probabilities of events. The reason for this appellation 
will shortly be seen. In expression, events may be distinguished as simple or com- 
pound. A simple event, i. 6, an event simple in expression, is one which is expressed 
by a single term or predication; a compound event, one which is formed by 
combining the expressions of simple events. „It rains,“ —“ it thunders,” would 
be simple events; “it rains and thunders,”—* it either rains or thunders,” &c., 
would be compound events. The constructions by which such combinations are 
expressed, although they belong to language, have their foundations in Logic. 
Thus the conjunctions and, either, or, &c., express merely certain operations of 
the faculty of Conception, the entire theory of which belongs to the science of 
Logic. The calculus of Logic, to which I shall have occasion to refer, is a deve- 
lopment of that science in mathematical forms, in which letters represent things, 
or events, as subjects of Conception, and signs connecting those letters represent the 
operations of that faculty, the laws of the signs being the expressed laws of the 
operations signified. It is simply a mistake to regard that calculus as an attempt 
to reduce the ideas of Logic under the dominion of number. Such are the grounds 
upon which the class of problems to which I have referred are said to involve 
logical elements. The description is, however, not entirely appropriate, for the 
problems, as they are concerned with probabilities, in the mathematical accepta- 
tion of that term, involve numerical as well as logical elements; but it is by the 
latter that they are distinguished, and of them only is account taken in the no- 
menclature. | 

Thus, as an illustration of what has been said, that problem would be com- 
posed of logical elements, which, assigning for its numerical data the probabilities 
of the throwing an ace or six with each single die, should propose to determine the 
probability that the issue of a throw with two dice should be two aces, or that it 
should be an ace and a six, or that it should be either two aces or an ace and a 
six; and so on for any conceivable throw with any number of dice. | 

3. In the above example, the events whose numerical probabilities are given are 
simple events, of which the event whose probability is sought is a logical combina- 
tion. But it might happen that the former events were themselves combinations — 
of simple events. For instance, the data might be the probabilities that certain 
meteorological phenomena, as rain, thunder, hail, &c., would occur in certain de- 
finite combinations, and the object sought might be the probability that they 
would occur in certain other combinations; all these combinations being, such 
as it is within the province of language to express by means of conjunctions, 
and of the adverb not. Now this would still be a problem whose elements are 
logical. | 

4. But there are questions universally recognised as belonging to the theory 
of probabilities, whose elements cannot, in their direct significance, be regarded 
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as logical. The problem of the reduction of astronomical observations belongs to 
this class. Two observers, equally trustworthy, take an observation at the same 
place and time of the altitude of a star. One of them declares that it is 50° 20’, 
the other that it is 50° 22. From these data, what shall we regard as the most 
probable altitude? We cannot, in this case, directly affirm that the numerical 
data are measures of probability at all. They are conflicting measures of a phy- 
sical magnitude. And that which is sought is not the measure of a probability, 
but the most probable measure of the same magnitude. This is a problem evi- 
dently of a different kind from the one which we last considered. And accord- 
ingly it will be found that the principles of solution which have been actually 
applied to it are different from, perhaps we ought rather to say supplementary to, 
those which have sufficed for the solution of the others. In the problem of the 
dice, we have only to apply, and that directly, such principles as the following, 
viz., that when the probability of the occurrence of an event is p, that of its 
" non-occurrence is 1—p; that if the probabilities of two independent events are 
p and q, that of their concurrence is pg; and so on. In the reduction of the con- 
flicting elements of the observers’ problem, another and quite distinct principle 
is usually employed, viz., the principle of the arithmetical mean, which affirms 
that if two different values are, on equal authority, assigned to a magnitude 
which is in itself single and definite, the mind is led to consider the arithmetical 
mean of those values as more likely to be its true measure than any other value. 
This is not the only principle which has been employed for the reduction in 
question. We shall refer to others. But it may justly be regarded as the most 
obvious of all which have been employed; and there is ground for considering it, 
as some eminent writers have expressly done, as primary and axiomatic in its 
nature. 
5. The following is the typical form of problems whose elements are logical. 
If we represent the simple events involved in their expression by 2, , 2, &c., then 
may all their data (we will suppose the number of data to be m) be expressed, in 
accordance with the principles of the calculus of Logic, under the general forms 


Prob. (r. y. 2 )=Py Prob. S, (x,y, 2 . . Prob. G. (a, y. 2. ) p., 
and the queesitum, or object sought, will be the value of 
Prob. (2, y, 2. ), 

where Gi, Hr, . H. and ꝙ denote different but given logical functions of , y, z. 

Although the method for the solution of questions in the Theory of Probabi- 
lities whose elements are logical has been developed at considerable length in a 
special chapter of the Laws of Thought, yet much that is essential for its proper 
and distinctive exhibition, has only been discovered since the publication of that 


work. For this reason it will be proper to offer some account here of the princi- 
ples upon which the method rests. 


| 
| 
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6. I define the mathematical probability of an event as the ratio which the 
number of distinct cases or hypotheses favourable to that event bears to the 
whole number of distinct cases possible, supposing that to none of those cases 
the mind is entitled to give any preference over any other. Fundamentally, this 
definition agrees with that of Lartace. “La théorie des hazards consiste,” he 
remarks, à réduire tous les événements du méme genre a un certain nombre de 
cas également possibles c’est 4 dire tels que nous soyons également indécis sur leur 
existence et 4 déterminer le nombre de cas favorables à l’événement dont on 
cherche la probabiiité. Le rapport de ce nombre a celui de tous les cas possibles 
est la mesure de cette probabilité.”—Hssai Philosophique sur les Probabilités. 

It is implied in this definition, that probability is relative to our actual state 
of information, and varies with that information. Of this principle LArLAch 
gives the following illustration :—‘ Let there be three urns, A, B, C, of which we 
are only informed that one contains black and the other white balls; then, a ball 
being drawn from C, required the probability that the ball is black. As we are 
ignorant which of the urns contains black balls, so that we have no reason to 
suppose it to be the urn C rather than the urn A or the urn B, these three hy- 
pocheses will appear equally worthy of credit, but as the first of the three hypo- 
theses alone is favourable to the drawing of a black ball from C, the probability 
of that event is 4. Suppose now that, in addition to the previous data, it is 
known that the urn A contains only white balls, then our state of indecision has 
reference only to the urns B and C, and the probability that a ball drawn from 
will be black is 4. Lastly, if we are assured that both A and B contain white balls 
only, the probability that a black ball will issue from C rises into certitude.”— 
Essai Philosophique sur les Probabilités, p. O. Phil. Mag., p. 433.) Our estimate 
of the probability of an event varies not absolutely with the circumstances which 
actually affect its occurrence, but with our knowledge of those circumstances. 

7. When the probabilities of simple events constitute our only data, we can, 
by virtue of the above definition, determine the probability of any logical combi- 
nation of those events, and this either, Ist, absolutely; or, 2dly, conditionally. 
The reason why we can, in this case, more immediately apply the definition is, 
that not only is no connection expressed among the events whose probabilities are 
given, but none is implied, nor is any restraint imposed upon their possible com- 
binations. This, as we shall see, is not the case when the data are the probabi- 
lities of compound events. . 

As an example, let us suppose that the probability of the conjunction of two 
events, x and , is required, the data being simply that the probability of the 
event z is p, and that of the event y is 9. Or, to express the problem in a form 
which we shall hereafter generally employ: 

Given Prob.z=p, Prob. y=q, 

Required Prob. . 


— 
* 
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Let a be the number of distinct cases favourable to the event æ, out of m dis- 
tinct cases equally possible, from the comparison of which the probability p has 
been assigned to the event . In like manner let ö be the number of distinct 
cases favourable to the event y, out of distinct cases equally possible, from the 
comparison of which the probability g has been assigned to the event y. Then, 


a b 


Now the conjunction zy can only come to pass through the combination of 
some one of the a cases in which z happens, with some one of the } cases in which 
happens, at the same time that we have an equal right to suppose that any one 
of the m cases in which z happens or fails may combine with any one of the u 
cases in which y happens or fails. To none of these combinations is the mind 
entitled to attach any preference over any other, Hence there exist ab distinct 
cases favourable to the conjunction of & and y out of a total of mn distinct and 
equally possible cases. Thus, by the definition, the probability of the conjunc- 


tion of æ and y will be represented by the product = or pq. 


Here the question may be asked. Does, then, no difference exist between the 
case in which the events z and y are known to be independent, and that in which 
we are simply ignorant of the existence of any connection between them? I 
reply that there is none, so far as the numerical estimation of probability is con- 
cerned. There is, however, an important difference as respects the practical 
value of the numerical result. If the events z and / are known to be inde- 
pendent, and to have probabilities p and g, we know that, in the long run, the 
conjunction ay will tend to recur with a frequency which will be proportional 
to the magnitude of the fraction pg, We do not know that this will be the case 
if we are simply ignorant of any connection between z and . This is the differ- 
enee referred to, and it is an important one. But it does not affect the calcula- 
tion of probability as flowing from the definition of its numerical measure. 

8. As from the data Prob. =p, Prob. y =, we deduce Prob. zy=pq, so from the 
same data we should have, adopting the language of the calculus of Logic, 


Prob. x(1—y)=p(l—g) Prob. (1—2) =(1—p) (1-9), 
and soon. Here «(1—y) denotes the compound event which consists in the oc- 
currence of & conjointly with the non-occurrence of ; (1-2 (1 -, the compound 
event which consists in the joint non-occurrence of both z and . | 
Extending this mode of investigation, we arrive at the theorem 
Prob. ꝙ (r, | 
where a, y, 2, &c., denote any simple events whose probabilities (our only data) 
are , 9, . , and ꝙ (r, v, 2. .) denotes any event which can be expressed by 
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means of the simple events 2, , 2, &c., in accordance with the notation of the 
calculus of Logic. 

By the above theorem the probability of any compound event is determined 
absolutely, when the probabilities of its simple components are given. 

9. And by the same mode of investigation, the probability of any combination 
may be determined conditionally, i. e., the probability which the combination will 
have under a given condition consisting in the happening of some other combina- 
tion. Thus, if our data are as before, 

Prob. «=p, Prob. / . Prob. z=r, &e. 
and if we require the probability that if the event ꝙ (r. y, z..) present itself, the 
event ) (x, %. ) will be present at the same time, we may demonstrate the fol- 
lowing result, viz. :— 
Prob. that if ꝙ (a, y,z..) happen, (a, y, 2.) will be present also 

where the form of the function x is determined by multiplying together, ac- 
cording to the principles of the calculus of Logic, the functions@(2, y, 2.) and 
J (,. 2. ), and representing the result by x (x, . 2. .).—(Laws of Thought, p. 258, 
Prop. I.) 

10. I postulate that when the data are not the probabilities of simple events, 
we must, in order to apply them to the calculation of probability, regard them, 
not as primary, but as derived from some anterior hypothesis, which presents the 
probabilities of simple events as its system of data, and exhibits our actual data 
as flowing out of that system, in accordance with those principles which have 
already been shown to be involved in the very definition of probability. 

The ground of this postulate is, that to begin with the simple and proceed to 
the complex, seems to be, in all questions involving combinations such as we are 
here concerned with, a necessary procedure of the understanding. The calcula- 
tion of probability depends upon combinations subject to a peculiar condition, 
viz., that they shall always present to us a series of cases or hypotheses, to none 
of which the mind is entitled to attach any preference over any other. We can- 
not, in endeavouring to ascend from the complex to the simple, secure the main- 
tenance of this condition; but we can do so in descending from the simple to the 
complex. We have had an illustration of this truth in the reasoning by which 
we deduced the expression for the probability of the complex event ay from the 
probabilities of the simple events z and y, supposed to be given. And the me- 
thods which have been actually employed in the solution of problems whose im- 
- mediate data were not the probabilities of simple events, have in fact rested upon 
the postulate above referred to. Thus in questions relating to juries, the imme- 
diate data are the probabilities, founded upon continued observation, that a de- 
cision will be unanimous, or that it will be pronounced by a given majority, &c. 
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But it is usual, in solving these problems, to regard such events as com- 
pound. and to derive them from a hypothesis which presents as its scheme or 
system of data, the probabilities of individual correctness of judgment in the 
members of the jury; the correctness of judgment in any such members being 
regarded as a simple event. And this mode of procedure is a very natural and 
very obvious one. For the degree of unanimity of a decision will so far depend 
upon the correctness of judgment in the members, that, if we knew what the 
probability of correctness in each member was, we could determine d priori the 
probability of any proposed measure of agreement in the body. | 

The only question which arises, indeed, is not concerning the necessity of the 
postulate, but concerning the mode in which it may be lawfully applied. How 
shall we lawfully construct the hypothesis by which the solution of a problem 
shall be made to depend upon the consideration of simple events. In answering 
this question, I will endeavour to show, Ist, upon what the construction of the 
hypothesis does not depend; 2dly, upon what it does depend. 

11. The legitimate construction of the hypothesis in question cannot depend 
upon the accidents of language, or causes deeper than accident, which have led 
us to express particular things or events by simple terms, thus regarding them 
as simple events; and other events by coinbinations of these simple terms, thus 
presenting them as compound. The solution of a question in the theory of proba- 
bilities must depend upon the information conveyed in the data, not upon the 
peculiar elements and constructions of the language which is the vehicle of that 
information. Languages differ widely in these respects. Objects and events 
which in one language are expressed by simple terms, are in another expressed 
by combinations of simple terms. It is affirmed that a perfectly general method 
of solution must be independent of, and superior to, differences like these. 

J will endeavour to illustrate this principle by an example. Let the problem 
to be resolved be the following. The probability of the concurrence of rain and 
snow is p, of the concurrence.of snow and wind q and of the concurrence of wind 
and rain 7; required the probability of the concurrence of wind, rain, and snow. 

Now suppose that we had to interpret the problem into a language in which 
there were no simple terms corresponding to the simple terms wind,” rain,“ 
“snow,” but in which there were simple terms for the three first of the concur- 
rences above described. 

We may, for simplicity, suppose that language to be a dialect of English, snd 
the concurrence of rain and snow to be represented in it by the term “sleet,” 
the concurrence of snow and wind by the term “ drift,” and the concurrence of 
wind and rain by the term “storm.” 

The event whose probability is sought, viz., the concurrence of rain, snow, and 
wind, would, in such a language, be represented by the combination either of two 
of the terms above defined (as of sleet with drift), or of all the terms together, 
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since the presence of any two of the phenomena “sleet,” drift,“ “storm,” im- 
plies that of the third, and involves the —, of the phenomena of rain, 
snow, and wind. 

The data of the problem we are considering might then, in the imagined dia- 
lect, assume the following form : | 

The probability of sleet is p, of drift q. and of storm 7; required the probabi- 
lity of the concurrence of the phenomena of sleet, drift, and storm. 

But in this form the problem would not, in its data, express all the knowledge 
which the person using such language must possess of the connection of the events 
to which it related. He must know that it was impossible that any two of the events 
sleet, drift, and storm, should occur without the third, so that the problem, if so 
stated as to embody the same amount of actual knowledge as is conveyed in the 
previous statement of it, would assume the following form : 

The probability of sleet is p, of drift g, of. storm 7, and these events are 8⁰ 
connected, that no two of them can occur without the third occurring, What is 
the probability of their concurrence ? | 

Now the principle affirmed declares that the solution of the problem must be 
the same whichsoever of these forms of statement we adopt. 

As languages increase in affluence, the number of their simple terms becomes 
augmented, partly through the necessity of giving expression to new ideas, partly 
through the wish to give more convenient expression to definite and oft-recurring 
combinations of the old ones. With every term invented in subserviency to the 
latter purpose, a definition must be introduced. A dictionary, setting aside its 
philological portion (and even this not wholly), is a record of such definitions. As 
a consequence of such defiaitions of terms, spring up also propositions innumer- 
able connecting these terms—propositions which in no degree add to the amount 
of our absolute knowledge, which are quite distinct from the discovered facts and 
laws of nature and of human history, but are merely logical deductions from 
the definitions. We might conceive of a language.in which all possible combi- 
nations of ideas should be expressed by simple terms, with connecting definitions 
and propositions ad infinitum. The realization of such a conception is neither 
practicable nor desirable; but it is, nevertheless, the limit toward which all lan- 
guages, which are not dead or decaying, do actually tend. The progressive ac- 
tion of this tendency does not affect the laws of expectation, neither, therefore, 
can it affect any consistent and scientific theory which is founded upon those 
laws. 

We are not, therefore, permitted to assume that any events which, in the lan- 
guage of the problem, may be presented as simple events, must therefore be 
adopted as such into the hypothesis which is to form the basis of our method of 
solution. Nor, on the other hand, are we forbidden to employ transformations 
(sanctioned by the rules of Logic) which will have the effect of introducing an 
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entirely new scheme of simple events as the elements of the hypothesis in 
question. 


12. To what conditions, then, must the hypothesis be —" This ques- 
tion I now proceed to answer. 

The hypothesis must be such that it may be consistently applied, without 
imposing upon the data any other conditions than those of possibility, ig., of 
accordance with a possible experience. 

This principle is so obviously true, that it will only be needful to show how 
the conditions of possible experience are discovered. I shall subsequently show 
how their discovery limits and determines the hypothesis upon which the solution 
of questions in the theory of probabilities, whose elements are logical, depends. 

The data of such problems are the probabilities of events. The object sought 
is also the probability of an event. The numerical values of these probabilities 
must be expressible by positive proper fractions. At any rate, they must not 
transcend the limits 0 and 1. This is one condition to which they are subject. 
Generally, however, there will exist other conditions dependent upon the mutual 
relations of the events whose probabilities are given. 

Thus, if p were the probability that an event 2 will happen, g the probability 
that 2 and y will both happen, we have, as a necessary condition, 


P>¢- 


bility that they will both fail, we must have the condition, 


p+q<l, 


a condition which does not hold in the previous case. 

I have, in the Laws of Thought, treated of these conditions, and of the prin- 
ciples by which they may be determined, in a special chapter (Cap. xix., On 
Statistical Conditions). A more simple, and at the same time perfectly general 
method, for their determination was afterwards discovered by me, and published 
in the Philosophical Magazine, Aug. 1854. As the method is of fundamental im- 
portance, I shall here illustrate it by an example, at the same time introducing 
a slight change in the mode of treatment, which leaves nothing to be desired 
in point of simplicity. The conditions to the discovery of which the method 
is applicable will be termed, in accordance with the language employed in the 
Philosophical Magazine. the Conditions of Possible Experience ;” inasmuch, 

as whenever the numerical data of a problem are derived from actual experience 
these conditions will be satisfied, and whenever in data professing to be thus 


derived they are not satisfied, the presence of mistake or fraud may with certainty 
be affirmed. 
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Determination of the Conditions of Possible Experience. 
13. To explain the method of effecting this object, by an example, I will first 
symbolically express the problem of Art. 11. 
Let us then represent rain by æ, snow by , and wind by 2. The problem in 
question then takes the following form:— 
Given Prob. zy=p, Prob. yz=q, Prob. æ (1) 
The value required we shall represent by u. It is our aes object, not to solve 
this problem, but to ascertain the conditions which must connect p, g, and r, 
in order that the data may be possible, with the corresponding limitations of u. 
For if u were itself determined by experience, it would be subject to conditions 
of possibility similar to those which govern p, g, and v. 
Now let us write, resolving the events in the problem into the possible alter- 
nations out of which they are formed, 
Prob. ayz=u, Prob. = N, Prob. zzy=p, Prob. yur =. 
We have then 
u+A=p, ut+v=q, u ＋ AUD r (3) 
The first of these equations only expresses that the probability of the concurrence 
of 4 and y is equal to the probability of the concurrence of æ, , and 2, and the 
probability of the concurrence of & and / without 2. To the equations (3) we 
must now add the inequations 
u ASO, psd, (4) 
expressing the conditions to which u, A, A, vy, Ist, as probabilities, and, 2dly, as 
probabilities which do not altogether make up certainty, are subject. 
First, we will eliminate A, u, and y. Their values found from (3) are 


A=p-u ug y=q—u. 
Substituting these in (4) we have 
u>0 g-u s 0 r—u>0 
ptqtr—2u=l, 
Whence, 
| u Sp, u u Sr, 
1 O, us pt+qt+r-1 (5) 
2 


Such are the conditions to which the quantity u is subject, conditions which the 
value of Prob. zyz must d priori satisfy. 


To determine the conditions connecting p, 9. and „ we must from (5) eliminate 
u. Now, if we have any two inequations of the form 


u usb 
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the only condition connecting a and b Which they establish is, 
as b. 
Applying this principle to (5), we have 
p20. ps 2 


= = + +r—l 0 
220 292 


rs0. r> 


p+qtr—-1. 
2 


These may be reduced to the somewhat simpler form 
p>9 920 
p>qtr-l 
924-1 
r>pt+q-l 


Such are the conditions of possible experience in the data. 

Suppose, for instance, it was affirmed as a result of medical statistics, that in 
two-fifths of a number of cases of disease of a certain character, two symptoms, æ 
and , were observed; in two-thirds of all the cases, the symptoms y and z were 
observed; and in four-fifths of all the cases, the symptoms æ and y were observed; 
so that the number of cases observed being large, we might, on a future outbreak 
of the disease, consider the fractions two-fifths, two-thirds, and four-fifths, as the 
probabilities of recurrence of the particular combinations of the symptoms 2, , 
and 2, observed. The above formulz would show that the evidence was contra- 
dictory. For representing the respective fractions by p, 9, and r, the condition 

| P>qtr-l 
is not satisfied. : 

It is an evident consequence of the principle enunciated in Art. 11, that in 
determining the conditions of possible experience and of limitation, we may employ 
any translated form of the problem, just as well as the form in which it is originally 
expressed. Thus, if we take the translated form of the problem of that article, 
and represent sleet by s, drift by t, storm by u, we shall have as the data 

Prob.s=p, Prob. Prob. u=r 
with the conditions 
stu=0, wuts=0, wust=0 . 
the queesitum being Prob. stu, which, as before, we shall represent by u. 
Now if we write 
Prob, stu=u, Prob. stu=0, Prob. eut=0, Prob. sut=A 
Prob.tug=0, Prob. f = Prob. ust=v 


.— 
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we have the following equations :— 
A=p 
u+v=r 


with the inequations 
u>0 ASO, ps0, „ O, <=1 . (10) 
Determining from the equations A, yu, v, and substituting in the inequations, we get 
u p-uS0, g-u50, p+gtr—-2u 21 (11) 
a system which agrees with that obtained by the previous investigation (5) Art. 13. 

14. The general rule for the determination of the conditions of possible expe- 
rience and of limitation in a question of probability may be thus stated. 

Resolve the events whose probabilities are either given or sought, into the 
mutually exclusive alternatives which they involve. . If the calculus of Logic is 
employed, this is done by development. | 

Represent the probabilities of these alternations by A, u, v, &c., and express 
the probabilities given and sought by the corresponding sums of these quantities. 
This will furnish a series of equations, which we will suppose to be 2 in number. 

Determine from these equations any u of the quantities A, n. „, in terms of the 
others. 

Substitute the values thus obtained in the inequations 

Eliminate in succession such of the quantities A, h. v, . . as are left in the above 
inequations after the substitution. 

The elimination of any quantity as 7 from the inequations, is effected by re- 
ducing each inequation to the form + = a, or to the form + > b, and observing that 
two such forms as the above give a 5 b. 

If the alternations” into which the events whose probabilities are given or 
sought are resolved, extend to all possible combinations of the simple events out 
of which they are formed, the abe (2), must be replaced by the equation 

The rest of the process will be * same as b 
In the form of the above method developed in the Philosophical Magazine the 
quantities A, u,v, .. represent the probabilities, not of those alternations alone, 
which are contained in the events whose probabilities are given or sought, but of all 
possible alternations which can be formed, by combining the simple events 2, y, 2 
In this form, therefore, we have always an equation of the form (3), in the place 
of an inequation of the form (2). But though the result is the same, the form 
given to the method in this section is to be preferred, as it requires the elimina- 
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tions of a smaller number of symbols, except when the condition referred to in 
(3) is fulfilled, in which case, the methods are identical. 

15. It remains to show how the conditions of possible experience as above 
determined, restrict us in the choice of the hypothesis, by the aid of which the 
final solution is to be obtained. 

Taking for example the above problem of Art. 13, let us inquire whether it 
would be lawful to assume æ, y, and 2 as the primary simple events of the 
problem. 

If we make this assumption and then write 

we find 2 
Prob. xy=a8 Prob. yz=By Prob. 
whence comparing with (1) Art. 13— g 
aB=p Py=q ‘Ya=r 
solving which equations we have 


a= JE Prob. 0 


Now, a, B. 7, being by assumption probabilities, and therefore, lying numerically 
between the limits 0 and 1, we must have : 


as the conditions to which p, 9, and r (beside being fractional) must be subject. 
These conditions do not, however, agree with, and are not involved in, the condi- 
tions of possible experience, determined in (6) Art. 13. We may conclude, there- 
fore, that the hypothesis upon which our solution is founded, involves elements, 
the introduction of which is unwarranted, and that the value of Prob. zyz deter- 
mined is erroneous. 


We may show, in fact, that the conditions (5) imply the conditions of possible 


experience, and something more. If gr < p then, d fortiori, gr =p+(1—gq) U- 
since (1—g) (1—r) is essentially positive. Therefore, 


qr 
whence p>qtr-l 


which is one of the conditions (6) Art 13. In the same way the other conditions 
in that article may be deduced from (5). The reverse reduction is, however, 
impossible. | 

16. The hypothesis upon which the method developed in the Laws of Thought, 
cap. xvii., for the solution of questions in the theory of probabilities whose elements 
are logical, is founded, seems to be the only one which satisfies the requirement 
referred to in Art. 12. It was not, however, upon such considerations as this, 
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that the method was founded. As presented in the Lams of Thought, it rests 
upon principles which, to my own mind, have something of an axiomatic character, 
Viewed in this light, its perfect accordance with the requirement above explained 
may be considered as a verification of it @ posteriori. In itself, however, this 
accordance affords a sufficient ground of confidence in the legitimacy of the hypo- 
thesis. On the proof of this accordance I shall say something hereafter. At 
present I will only state the hypothesis, and show in what the accordance 
consists. | 

The hypothesis is the following :—Translating our problem by the aid of the 
calculus of logic into a language in which the events whose probabilities are given, 
appear as simple events subject to conditions founded on their definitions, Art. 
11, we ascend above these simple events to another scheme of simple events, 
which are free, and which, when actually subjected to the conditions to which 
the before-mentioned simple events are necessarily subject, shall have the same 
probabilities, and shall in every respect take their place. The unknown proba- 
bilities of the free simple events, which form the elements of this hypothesis, must 
be so determined as to render the substitution possible, and to permit a formal 


construction of the problem, both in its data and by its queesitum, out of those 


new elements. 

The unknown probabilities being thus determined, the problem assumes a 
form in which its elementary data are the probabilities of simple events unre- 
stricted by any condition. In this form the solution of the problem is possible by 
mere consequence of the fundamental definition of probability, The ground 
upon which this hypothesis was presented in the Laws of Thought was its intrin- 
sic reasonableness. On this point I will only refer to my observations in the 
original work. The ground upon which, in the present essay, I wish to rest the 
hypothesis is, that it is the only one which does not impose upon the data other 
conditions than those of conformity with a possible experience. The conditions 
which must be fulfilled in order that Y, 9, &c., in the substituted and hypothetical 
data, may be measures of probability at all,—i.¢., may be positive proper frae- 
tions,—are precisely the conditions of possible experience in the original data. 
(See Appendix.) | 

17. The application of this hypothesis is so fully explained in the Laws of 
Thought, cap. xvii., that I shall here only describe the general method for the so- 
lution of questions in probabilities to which it leads, and show the connection 
which exists between the several parts of that method and the foregoing doctrine. 


General Method. 
Representing the problem to be solved under the form— 
Given Prob. O. (w.y,z,..)=p Prob. (a, , 2. ) 9, de. 
Required Prob. (r, 2. +) 


> 
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and expressing the unknown value of Prob. 4 (x,y,z . . by u. we form the logical 
equations :— 
(r. 2. P, (, . . ) t, &e. 
(r. y.. . 
and hence, determining w as a developed logical function of 8, . . we have a 
result of the form 


Here A, B. C, D are logical combinations of the simple events, s, f, &c., and the 
connection in which they stand to the event w and to each other is the following: 
A expresses those combinations of s, f, &c., which are entirely included in w. —i. e., 
which cannot happen without our being permitted to say that happens. B re- 
presents combinations which may happen, but are not included under : so that 
when they happen, we may say that w does not happen. C represents those com- 
binations, the happening of which leaves us in doubt whether happens or not. 
D, those combinations, the happening of which is wholly interdicted. : 
Thus far we have only translated our problem into a language in which its 
data are the probabilities of simple events, viz. :— 


The condition, founded on definition, to which these simple events are subject is, 
D=0 


or, which amounts to the same thing, 

A+B+C=1 
indicating that the combinations expressed by A, B, and C can alone happen. If 
we represent A+B+C by V, we have 


with the condition 
val (4) 


Of these equations, the latter expresses the conditions to which the simple events, 
, t, &c., are subject; the former expresses as a logical combination of those 
events. 

We now, in accordance with thé hypothesis, ascend to a new scheme of simple 
events, s, t, &c., unrestricted by any condition, and possessed of unknown proba- 
bilities, p, g', which are to be so determined that when s, .. are subjected to 
the same condition (4) to which s,¢..are subject, they will have the same 
probabilities as s,¢ . . The system of equations to which we are thus led, and 
which contains the implicit solution of the problem, is the following (Laws of 
Thought, cap. xvii., p. 267) :-- | 


p 9 u 


V, being formed by selecting those terms from V, which contain s as a factor; V 


| 
| 
| 
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those, which contain ¢ as a factor, &c.; and then regarding s, f, &c., as algebraic 
quantities. From the system thus formed, we must determine u as a function of 
p, 9. . and the arbitrary constant c, should it be present. This will be the solu- 
tion of the problem. 

The quantities s,¢ . . are the same as p,q’ . . and Wem the probabilities 
of the hypothetical simple events, represented by s, 1. Accordingly, as pro- 
babilities, they must admit of being determined as positive proper fractions, and 
that the solution may not be ambiguous, they must admit of only one such de- 
termination. These conditions will be fulfilled whensoever the problem represents 
a possible experience, and it will be then only iulfilled. And in this way, or by 
directly investigating the conditions of possibility by the rule of Art. 14, a solution 
is made determinate. 

The arbitrary constant e does not, as has been intimated, always present itself. 
When it does, it represents the unknown probability, that if the event C occur, w 
will occur. It indicates, therefore, the new experience which would be necessary 
in order to make the solution definite. 

18. I will, for the sake of illustration, apply the method to the problem of 
Art. 11, and in so doing I will limit the solution by the conditions relative to 
8, f, &c. 

The problem, as symbolically expressed in Art. 13, is as follows :— 
Given Prob. zy=p Prob. yz=q Prob. za=r (1) 
Required Prob. xyz 

Translating the problem as directed in the first part of the rule, we Bee 


=8 yz=t 
@ 
whence, by the calculus of logic, 
Hence we find * 
. 
and are led to the algebraic system of equations 
stu+s tu * stu+tev stu+vust 


These equations may be simplified by dividing every t term by s tv, and then as- 
suming | 

8 t 


They thus give | 
2 r 


| 
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The condition to which sf are subject obviously is, that they shall be posi 


tive quantities, for this is equivalent to the condition that s, f, v shall be positive 


fractions. 
From (7) we readily find 
Whence 
2 
2u—p—q-r+l1 
qg—u 
r—u 
2u—p—q-—re+l 
Substitute these values in the equation 
p- 
and reducing we get | 5 
an equation for determining . 


And now let us inquire into the consequences which flow from the condition 
that sz are positive quantities. 

In the first place, the last member of (8), and therefore each other member 
of that system will be positive: This requires that the denominators, Y- u, 2-1. 
ru, and u, should be positive, whence we have 


u>0 
Again, p- u, g—u, and r—u being positive, the common denominators, 2u—p—q—r 
in 00 must be positive, whence 


Such are the conditions relative to u. They agree in all respects with those as- 


signed in the previous investigation, in (5), Art. 13; and, as in that —' the 
elimination of u leads to the conditions of possible experience, 


q>0 150 


p+r—1 


r> pt+q-1 


It may be well to notice, that these conditions involve the necessity of p, , and: 


being fractional, though of course this does not exhaust their significance. 

19. It remains to show that when the above conditions are satisfied, the 
system (7) will admit of but one solution in positive values of 8, T, V, and that 
(10) will furnish but one value of u satisfying the conditions (11) and (12). 

Let us write 10 in the form 
u(2u—p—q—r+1)?—(p—w) (q—u) (r—u)=0 (14) 
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or, for simplicity, in the form | 
U=0. 

The lower limit of u is, by (11) and (12), either 0 or 2 — according as 
the latter quantity is positive or negative; the upper limit of u is the least of the 
quantities p, 9. 7; suppose it v. First, let 2 —— aol positive, then, making 
wu equal to this quantity, the value of U, as given in the first member of (14) 
becomes negative. Again, let u =, then U becomes positive. Thus, as u varies 


from )* 1 — up to , U changes from negative to positive. Now 


1) +4u(2u—p—q —r+1) +(p—u) (¢g—u) + (q—u) (r—u) + (r—u) 

which within the supposed limits is always positive. Hence U varies by continu- 
ous increase, and once only in its variation becomes equal to 0. 


Secondly, let“ “a "—1 be negative, then u, varying from 0 up to p, U as 


before will vary by continuous increase from a negative to a positive value. See 
the first member of (14). Whence U, changing by continuous increase from a 
negative to a positive value, will still only once become equal to 0. 

Wherefore, in either case, one root only of (10) will lie within the limits as- 
signed to u in (11) and (12). And this one value substituted in (9) will give one 
set of values for 8, f, v. | 

20. The solutions which we have now obtained of the same problem on dif- 
ferent hypotheses with respect to the selection of the simple events, set in clear 
light the principles upon which the due selection of such hypotheses depends. 
The hypothesis which seems most readily to present itself utterly fails, while 
the other, based quite as much upon an apparently remote speculation on lan- 
guage, as upon the study of the laws of expectation as usually conceived, finds a 
support and confirmation within the realm of pure mathematics which is of the 
most remarkable kind. 


21. A practical simplification of the general method is suggested by that step 
of the preceding solution, which reduces (5) to the form (7). If we remove the 
traces () from the letters in the latter system (and they do not at all affect the 
solution), we obtain what (5) would become if we replaced each of the symbols 
s, t,v, by unity. Practically, therefore, we may modify the general rule in the 
following manner: Having obtained V, replace each of the symbols 5, f, &c., by 
unity, and proceed with the reduced value of V just as before, i. e., let V. 


represent that portion of V of which s is a factor, &c., then form the system of 
equations 


V. 


| 

| 

| 

| 

| 

| 
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and hence determine u as a function of , .. and c. The conditions of possible 


determination in positive values. Or as before, they may be found indepen- 
dently, and then applied to limit the solution. 

22. We now proceed to the consideration of the problems referred to in Art. 
(J.) We hall first examine the problem which has for its object the determina- 
tion of the most probable measure of a physical magnitude, two conflicting mea- 
sures of which have been assigned by observation. The problem is not, as has 
been said, Art. 2, in its immediate presentation, one whose, elements are logi- 
cal, but it admits, as we shall see, of being so represented as to give it this cha- 


PROBLEM 1. 


Tico simultaneous observations of a physical magnitude, as the elevation of a star, 
assign to it the respective values pi and p,. The probability, when the first observa- 
tion has been made, that it is correct, is e, the corresponding probability for the 
second observation is c,. . Required the most probable value of the physical magni- 
tude hence resulting. | 


First Solution. 


23. The numerical elements which are not, in their immediate presentation. 


probabilities, are p, and , But these become such if we contemplate the pro- 
blem under another aspect. Let a quadrant be taken as the unit of magnitude, 
then p, and p, are proper fractions ; p, actually expressing the probability af- 
forded by the first observation, p, that afforded by the second observation, that a 


pointer, directed at random to that quadrant of elevation in which the star, re- 


garded as a physical point, is situated, will point below the star. The problem 
thus regarded contains the following logical elements, which we shall express by 
appropriate symbols, viz. — 

Ime event which consists in the first observation, such as it is, being made =~. 

The event which consists in the second observation, such as it is, being 
made =y. | | 

The event which consists in the first observation being correct, =. 

The event which consists in the second observation being correct, r. 

The event which consists in a pointer, directed at random to the quadrant in 
which the star is situated, pointing below that star, =z. 

We must now express symbolically the data, including therein whatever logi- 
cal connections we can establish among the events, , , in, r, and 2. 

The probability that the first observation, when made, is correct, is ei. This is 
a conditional probability; or, to adopt a well-known form of expression, it is a 
probability @ posteriori. Viewed from a point of time anterior to the observa- 


experience and of limitation will be found by supposing s, ¢, to admit of a single 


| 

| 

| 
racter. | 
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tion, it is the probability that if the observation be made under its actual circum- 
stances of care, personal fitness, instrumental accuracy, &c., it will be absolutely 
correct. Symbolically, it is the probability that if the event æ take place, the 
event # will take place. The only mode of expressing this is by writing for the 
probability of & an arbitrary constant a, we have then | 
Prob.z=a, Probhaw=a,e, . . . (2) 


The events æ and w are not, however, independent. If we can affirm that a 
given observation is correct, we can affirm that that observation has beén made. 
Symbolically, the occurrence of the event w implies the occurrence of the event 
a. Expressing this proposition in the language of the calculus of Logic we have 
the equation. 


This forms a part of our data. It permits us to bn W éei 
of the previous data, and instead ofs(1) to substitute 


Prob. Prob. w=a, ¢, (3) 


In like manner, representing the arbitrary probability of the event y by a, 
we have 


Prob. y=a, Prob. e 00 
With the connecting condition 
which would permit us to substitute for (4) the system 
Prob. y=a, 06. @ 


- Again, when it is known that the first observation is a correct one, the proba- 

bility that an indicator directed at random to the quadrant in which the star is 

situated will point below the star is p,. This, too, is a conditional probability. 

Symbolically, it is the probability that if the event w occur, the event 2 will 

occur. Hence, as the probability of the occurrence of 7 as a, c,, we have | 

In like manner we find | 
Prob. = d, (8 

Lastly, it is supposed that the values p and ꝗ are different. “This involves the 
condition that the observations cannot both be correct. Whence we have the ad 
cal equation. * 

w u=0 (9) 

This completes the analysis of the logical elements . in the data of the 
problem. We now proceed to analyse those involved in its queesitum or object 
proposed. 

That object is to determine the probability of the event 2, when the occurrence 
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* * it is the value of the 
fraction. 


Prob. æ y z 
Prob. # y 
or, as it may, by resolving the denominator, be written, 
Prob. 2 y z 
Prob. æ y Prob. æ 
To effect this object, we shall determine the value of Prob. 4 and Prob. 2 2 
separately. 
Collecting the elements furnished by the preceding analysis, the first of the 
partial problems herein involved may be thus stated :— 


Given Prob. =a, Prob. y=a, 
Prob. w=a,¢, Prob. v=a,¢, ae 
Prob. wz=a,¢,p, Prob. vz=a,c,p, 
with the conditions, wr=0, y=0, wv=0, 


Required u, the value of Prob. zyz. | 

In selecting the above, I have chosen to employ (3) in place of (1), and (6) in 
place of (4). It makes no difference in the final result. 

In accordance with the rule, let us write 


wz=8, ust, e si. (13) 
we must then from (12) and (13) determine ꝙ as a developed logical function of æ, 
Y, 1, 0,8, and t. 
: This problem admits of perfectly definite solution on the principles of the cal- 
culus of Logic. Ishall here merely give the result, and point out a method by 
which it may be independently verified. We find 


0 


We may verify this expansion by substituting for s and ¢ their values wz and 
re, paying attention to the conditions (12), and then comparing the result with 
the value of ꝙ, viz., xyz. 

Thus the term zywsut becomes, on substitution 
(l—vz)=ayzwy 
by the calculus of Logic. Now this represents a class entirely included in the 
class xyz, whence the coefficient of the term is unity. 
The term 2 wet reduces to æ w zy v, and represents a class no part of which 
is included in yz, whence the coefficient is 0. 
VOL. XXI. PART IY. 8D 
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The term zywvs t, reduces to 2 d, and represents a class some part of 
which is included, and some part not included under the class æ , whence the 


coefficient 5 ; for an event included under the former class may or may not be 
included under the latter. 


Lastly, any term whose coefficient in the expansion is 3 would, on effecting 


the above-named substitutions, become 0, indicating the absolute — of 
the class which it represents. 

Resuming the value of ꝙ, and adopting the simplification of Art. 21, we find 
for V the value 

V =xyws + + ows +yvt+a+y +14 aywtaw +t 
=(@ +1) (y+1) + yu(e@+1) (¢+1)4+aw(y+1) (641) . @ 
And hence we have the following system of algebraic equations: 
_ +1) (+1) + ewy(s +1) 


a, a, 
41 ar e, ai epi 4, er p, 


(t+ 1) + +1) (0 +1) (16) 


From these equations, if we assume | 
( I) I) (¢+1) + aw(y+1)(8+1)=A, 
N being a subsidiary quantity introduced for convenience, we readily deduce 


— — (17) 


= — 9 
a 


Hence FFF 
In like manner 


Again we have ) 
a(y +1) +ayv(t+1) 
A 


a,(1—¢,)= 


a,(1—¢,)= + 2 +1) 


| 
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+1) (y+1) | 
* 


1—4, e 


1—a,¢,= 
1-4, 

Whence we find 
a,(1—e,)a,(1—c,) (l—a,¢,—a,¢,) _ = ¥ 


(1—a, ei) (1-4, e, 


(@+1) (t+1) 
A 


(20) 
By means of (18), (19), and (20), we reduce (17) to the form 


1 ar ei (1—a, ¢,) (l—a, ¢,) 
therefore effecting a slight reduction 


Prob, { PI + Cap, (I- ei- a, e, (21) 


The arbitrary constant c, interpreted according to the rule, is the probability 
that if the event «yw v s ¢ take place, zyz will take place. Putting for 5 and : 
their values, and reducing as before, we find that c is the probability that if «yw v 
take place, æõ will take place. In the end this amounts to the following state- 
ment. 

¢ = probability that if both observations are incorrect, a pointer directed at 
random to the quadrant in which the star is situated will point below the star. 

The value of Prob. zyz will be obtained from that of Prob. æ by changing 
p, p, and e into 1—p,, 1—p,, and 1—e. If we effect this change, and then substi- 
tute the expressions above found, in the formula, 

Prob. xyz 
Prob. xyz Prob. xyz 


1—4 
Prob. ay ei a, e, 


* 
1+ Ie 01 + 1 2 Cy 
This expression involves an arbitrary constant c which we have no means of 
determining. This circumstance indicates that those principles of probability 
which relate to the combination of evenis do not alone suffice to enable us to com- 


bine into a definite result the conflicting measures of an astronomical observation. 
The arbitrary character of the final solution might have been inferred frum 


(22) 


— 
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the appearance of the symbol > 0 in (14). Ihave thought it better to complete 


the investigation, especially as it will serve as a model for the one which follows. 

24. Before proceeding to the second solution of the problem, I will endeavour 
to explain the principle on which it will be founded. It is involved in the fol- 
lowing definition. 

Definition. The mean strength of any probabilities of an event which are 
founded upon different judgments or observations is to be measured by that sup- 
posed probability of the event d priori which those judgments or observations fol- 
lowing thereupon would not tend to alter. 

Thus, suppose we were considering the question of the suitableness of a newly 
discovered island for the growth of a particular plant, and that the probability 
of its suitableness, as dependent upon general impressions of the climate were v; 
but that added special observations,—such as analysis of the soil, determination of 
allied species growing in the locality, &c., had some of them the effect of raising, 
others that of depressing, the general expectation before entertained. Now we 
might suppose that expectation to have had such a measure, that the added obser- 
vations should, when united, leave the mind in the same state as before. I call 
that measure the mean value of the testimonies—the value about which, to adopt 
(for illustration, not for argument) a mechanical analogy, they balance each other. 
I conceive that in thus doing, I am only giving a scientific meaning to a term which 
has been hitherto used in a vague sense. I shall show that the formula of the arith- 
metical mean is a special determination applicable only to particular problems, of 
the more general mean of which I here speak, and that other determinations of 
it exist, applicable to other problems, but possessing, in | common, certain definite 
characteristics. 

To apply this principle to the problem under consideration, we must add to 
the data a new element, viz., the d priori value of Prob. 2, i.e., the value which 
the mind is supposed to attach to it before the evidence furnished by the obser- 
vations. We will suppose this value 1. We must then seek, as before, the d pos- 
teriori value of Prob. 2, i. e., its value after the observations, and, equating the two 
expressions, determine thence the value of v. 

I malt, in referring to the above principle, speak of it as the “ principle of the 
mean.’ 


Special solution of Problem I. founded upon the principle of the mean. 
\ Assigning to 2 the d priori probability v, our data are the following: 
Prob. Prob. y=a, Prob. z=r 
Prob. w=a,¢, Prob. v=a, ¢, 
Prob.wz=a,¢,p, Prob. d, py. 
with the conditions ur vy=0 20 


| 
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and hence we are to seek, as before, the value of 


Prob. æ 1) 
Assuming then as before, 
tt, ryz=p 


we find, by the calculus of Logic, the following expression for ꝙ as a developed 
logical function of , y, , u, s, t, and 2, viz. : 


+yvaewse 


+ terms with coefficient 7 W 
Hence, adopting the simplification of Art. 21, we have 
V =arywez + + + + yurt + yu t+ cyw + ewes 
+2w+ 
=2w(y +1) (28 +1) + yu(a@ +1) ( +1) + (@ +1) (y+ 1) (+1) 
whence we form the algebraic system 
+1) (28 +1) + +1) + +1) (z+1) 
41 
(28 +1) + +1) (xt +1) + 
a; 
| 4 Cy 
_ + 1)zs et 
1) + yu(a + 1)2t + +1) (y+1)z 


_ + wyzut + 
u 


+1) (28 +1) + yo(w + 1) + (@ +1) (y+ DET (4) 
= 


A being a subsidiary quantity introduced for convenience. 
From the above we find 


(z+1) 


‘ 1 
a, 0 1 


+1) (28+1) + (241) 


1—a,¢,= 
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N 


In like manner we find a 
Again, since we have from the above 
Cy 41 1 ei c 
l—a, and 11% l—a, C, 
(ei) a ay 
ei) (l—a,¢,) (y+1) 
(@+1) (y+1)z 
A 


whence 


we have 


moreover, 
Multiplying the two last equations together we find 


Now, — 


Substituting in this expression the values found for its several terms in 5) (6), 
and (7), we have 


uns De Pr i- a, e, Ps) 


This is the ies of Prob. . That of Prob. xyz will be found by simply changing 
in the above expression p,, p, and r, into 1—p,, 1—p,, and 1—r respectively. These 
expressions admit of some reductions, and give 


_ a, (l—c,) a, (1— 1—4 


(1—c,) a, (1—c,) 1-4 


whence we find for the d posteriori value of Prob. 2, 


l—a 
— 
Equating this to r we have 
1— 1— a. 1—a, l—a, 
01 PI Ia. CP, tr= 01 + 
Whence 
1— 1—4 
Let el p. 
12 l—a 


— — — 
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26. Such is the final general expression for the probable altitude of the star 
The following observations may throw light upon its real nature :— 

ist, In the analysis by which this expression was obtained, p, and p, are the 
observed altitudes of the star, a quadrant of the celestial arc being taken as 
unity. Considered, however, as the expression, not of a probability, but of the 
most probable measure of a physical magnitude, the truth of the formula will of 
course be independent of the unit of magnitude. 

2dly, The formula is independent of mechanical analogy. We may place it in 
the well-known form 

W. IT W.. (1) 

in which, as the subject is usually treated W. and W. are called he nent of the 
observations. Here, however, these quantities are determined as functions of the 
initial data—these data being probabilities. We have 


1—4 
Wi 2 — W. (2) 
l—a l—a 1— 
Leber + 1 7 i? 


3dly, The initial probabilities, of which W, and W, are functions, are neither 
foreign nor imaginary elements. They may be difficult to determine, but theo- 
retically their determination rests upon considerations which are entirely proper 
to the subject. When an observation has been made, the question whether 
it is correct or not is a question of probability. We can never predicate absolute 
correctness. We can seldom affirm absolutely that an observation is incorrect. 
Our knowledge of the circumstances of the observation, Art. 22, leads us to regard 
the probability in question as sometimes greater, sometimes less. To suppose it 
capable of a numerical value, as we have done, by the introduction of the con- 
stants c. , is then perfectly legitimate. It has been said that an estimate of the 
correctness of the observation rests upon the circumstances by which it was ac- 
companied. These circumstances, taken in the aggregate, are themselves a sub- 
ject of probability. This we express by the introduction of the constants d. 4, 
The probability after an observation is made that it is correct, and the probability 
before it is made that the state of things shall be such as to give to the result that 
particular probability of correctness, are quite different things. 

4thly, In the same course of observations made by the same individual with | 
consciously uniform regard to personal and instrumental accuracy the values of 


a, and a, would be sensibly equal. The formula (10) would thus reduce to ao 
following, viz. 


* 
0 


1— e. 1— e, 


r= 


——— ͤ —æ—ͤ 
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01 


If e. 1, we have 


(4) 


W,=1 W,=0 

This accords with the condition that if either of the observations is believed to 
be correct, the value which it furnishes for the altitude of the star must be taken 
as the true one. 


5thly, If c,=c,, i. e., if we have no right to give preference to one observation 
over the other, we have 


and 


the formula of the arithmetical mean. 

6thly, From the form of W,, W, in (4), it is evident that the weights, so to 
speak, of the observations vary in a higher ratio than that of the simple proba- 
bilities of correctness of the observations. The practical lesson to be drawn from 
this is, that we ought to attach a greater weight to good observations, and a 
smaller to bad ones, than, according to usual modes of consideration, we should 
be disposed to do. 

The above are the most important observations suggested by the formula 
to which the last investigation has led. One or two remarks remain to be offered 
upon the analysis by which it was obtained. 

Although the two forms of investigation which we have exhibited differ, there 
is nothing inconsistent in the results to which they lead. If we compare corre- 
sponding formule in the two, ¢.y., the values of Prob. «yz, or those of Prob. 2% 
we shall find that the one investigation assigns a definite but consistent value to 
what the other left arbitrary. Either comparison gives 

1-41 ei - ¢, 
we may prove, either by the “ conditions of possible experience,” or independently, 
that this value is necessarily a proper positive fraction, and this accords with 
the interpretation of c as a probability. Art. 23. 

27. But a much more important consideration is the following. It is a plain 
consequence of the logical theory of probabilities, that the state of expectation 
which accompanies entire ignorance of an event is properly represented, not by 


the fraction 3, but by the indefinite form g. And this agrees with a conclusion 


at which Bishop Terror, on independent, but as I think just grounds, has arrived.“ 
Now this shows, why, if the consideration of the d priori probability of z is, from 
* Transactions of the Royal Society of Edinburgh, vol. xxi. p. 375. 
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the insufficiency of the remaining data, necessary in order to give to the d 
riori probability of z a definite value, the solution obtained when that d priori 


value is neglected should involve the symbol °. The presence of this symbol in 


a solution always indicates insufficiency in the data. And herein, as it seems to 
me, consists the reason why the mind, impatient of incertitude even while dealing 
with the very science of uncertain knowledge, is led to seek escape from its doubts, 
by calling in the aid, in some form or another, of that adventitious principle which 
I have denominated the principle of the mean. I say in some form or another: 
for I can conceive of another form of the same principle connected more directly 
with the idea of a limit than with that of a mean. Thus as testimonies which 
are insufficient of themselves to produce a definite expectation may definitely 
modify a definite expectation previously formed, we have suggested to us the idea 
of that limiting state to which perpetual and independent repetition of the same 
series of testimonies would cause the mind, whatever its starting point of expec- 
tation might be, to tend. And as this limiting state would be one which a further 
repetition would not alter, we should thus arrive in effect at the same solution 
as is indicated by the principle of the mean, in its direct expression. 

28. I have extended the preceding®analysis to the case in which three obser- 
vations are to be combined, a case which, in connection with the previous one, is 
sufficient to determine the general law. The result is what the preceding analysis 
suggests, and may be expressed in the following theorem :— 

If n conflicting observations assign to the altitude of a star the respective 
values p, p, . . P.; if, moreover, aa. . . a, are the antecedent probabilities that 
the observations will be such as they prove to be with respect to those circum- 
stances which determine their relative accuracy, and eic... c, their respective 
probabilities of correctness to a mind acquainted with these circumstances, i. e., to 
the mind of the observer after the observations have been made, then the most 
secs altitude of the star will be 


1— l—a 1— 

pi + Leier * 185 Pe 
12255 
2 — 12 


This expression admits of the same deductions as the one before obtained for 
the case in which the observations are two in number, and in particular it leads, 
when the circumstances of the observations are judged to be in all respects the 
same, to the principle of the arithmetical mean expressed by the formula 


p- 
n 


29. I have remarked that the Pe of the arithmetical mean has some 
VOL. XXI. PART IV. 8 F 


00 
— 
—, ᷑r,Hñ, i—t—᷑—— ̃̃—— 
| 
| 


626 PROFESSOR BOOLE ON THE COMBINATION 


claim to be regarded as axiomatic. In the preceding sections it presents itself 
as a special result of a very complex analysis founded upon the logical theory of 
probabilities. Now I wish to observe, that there is nothing in these circumstances 
which we have a right to regard as denoting inconsistency. Of the theory of 
probabilities it is eminently true that modes of investigation, which to our pre- 
sent conceptions must appear fundamentally different, habitually lead us to the 
same result. A profounder acquaintance with the laws of the human mind, and 
a deeper insight into the relations of things, might perhaps show us that prin- 
ciples which appear to us to have nothing in common may yet have a necessary 
connection with each other. may possibly spring up from a common origin. I 
will endeavour to make my meaning clear by two illustrations, which will pre- 
sent this question in somewhat different lights. 

30. An idea which seems naturally to suggest itself in connection with the 
theory of probabilities is that of mechanical analogy. Evidence of this we see 
in the language, already referred to, which attributes meight to observation. The 
complete and scientific development of the idea will be found in a memoir by Pro- | 
fessor DoxkIx,“ who, establishing a kind of metaphysical statics on proofs of the 
same nature as those which are employed in deducing d priori the laws of ordi- 
nary statics, has arrived, by legitimate deduction, at the remotest consequences 
of Gauss’s theory of the combination of observations. The mind, in the developed 
analogy, is compared to a lever acted upon by different weights, or to a mecha- 
nical system subject to given forces, and seeking, under this action, a position of 
equilibrium. Now it is at least a very remarkable circumstance, that an analogy 
of this kind should not only admit of exact scientific expression, but should, 
through a long train of analytical consequences, present the same laws and re- 
sults, and suggest the same methods, as the principle of the arithmetical mean 
already referred to. All the abstract terms by which mental states and emotions 
are expressed, derive, if philology be of any value, their origin from outward and 
material things. And hence, though it might be impossible to ascend historically 
to the first employment of those expressions which describe the mind under the 
action of forces, and speak of the balancing of opinions, we cannot doubt that a 
perceived analogy was their source. But it could hardly have been anticipated 
that this analogy should remain complete and unimpaired through so lengthened 
a range of scientific deductions. 

To what I have said above I will only add, that it is as instruments of ex- 
pression and communication, rather than of thought, that material symbols, 
and the analogies which they furnish, seem to me to possess importance. 
Even the analogy which we have been considering cannot of itself occupy the 
place of a first principle, but seems to be a particular manifestation of that deeper 


* Sur la Theorie de la Combinaison des Observations. LyYovvitte’s Journal de Mathema- 
tiques, tom. xv., 1850. 
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truth of which Lersnirz had a glimpse when he spoke of the principle of fitness 
and congruity—* principe de la convenance,”*—the ground of rational mechanics. 
Of course, I do not contemplate this or any subjective principle whatever, as 
affording us the slightest ground for affirming that the constitution of nature 
must, d priori, possess such and such a character. But it does seem to be a fact 
that the material system has been constituted in a certain degree of accordance 
with our rational faculties. The study of this accordance, @ posteriori, is a per- 
fectly legitimate object ; and I think it the more interesting, when it brings be- 
fore our view the scientific form of any of those analogies which commended them- 
selves to the minds of the fathers of our race, which are embodied in our common 
speech, and without which we could apparently never hold converse with our 
fellows, except upon material objects. 

31. The second illustration which I have to offer is the following. Many of 
the most important applications of the theory of probabilities, the method of least 
squares, for example, rest upon what has been termed the law of facility of error. 
This consists in the position, that in seeking to determine by observation a phy- 
sical magnitude, as the elevation of a star, the probability that any measure will 
deviate by a quantity z from the true value, will vary directly as the function 
, where k is a constant quantity. The probability that our measure will 
fall between the limits « and æ dr being expressed by the function 


ae 


Gauss has shown that this is the only “ law of facility” consistent with the 
assumption that, in a series of observations of the same magnitude, the arithmeti- 
cal mean of the several measures obtained is the most probable value. It may 
even be shown, that whatever the actual law of facility,” under given circum- 
stances, may be, and it is plain that it must vary with circumstances, such as 
the constitution of the instrument and the character of the observer, &c., the 
probability that the arithmetical mean of a very large number of values deter- 
mined by observation will deviate from some fixed value by a quantity æ. will 
vary directly as , k being a constant dependent upon the nature of the ob- 
servations.+ Such, at least, is the limiting form of the function to which the law 
of deviation approaches as the number of obervations is increased. Now it is 
remarkable that considerations of a totally different kind, and founded mainly 
upon our conceptions of space, lead to a similar result. The probability of linear 
deviation (measured in a given direction) of a ball from a mark at which it is 
aimed, seems to obey the same law; the principle upon which that law is deter- 


* Erpmann’s Edit., p. 716. 


+ For some very interesting illustrations of this doctrine, see the letters of M. Bravais, published 
in the notes to Quetetet’s Letters on the Theory of Probabilities. 
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mined being, not that of the arithmetical mean, but rather a principle of geome- 
trical consistency, intimately connected with our ideas of the composition of 
motion. 

The principle was first stated in a popular and somewhat inexact form, by Sir 
Joun Herscuet, I believe, in the Edinburgh Review.“ It was afterwards made 
the subject of an adverse criticism in the Philosophical Magazine, by Mr LESsLIBE 
ELLIS. There is no living mathematician for whose intellectual character 1 
entertain a more sincere respect than I do for that of Mr ELLis; and even while 
stating the grounds upon which I differ from him, with respect to the value of 
Sir Joux HERSCHEL's principle, I avail myself of his labours, in giving to that 
principle a more scientific form and expression, and in developing its consequences. 
The language adopted in the following statement, will be, as far as possible, that 

of the author of the principle,—the analysis will be that of Mr ELLIs. 

Suppose a ball dropped from a given height, with the intention that it shall 
fall on a given mark. Now, taking the mark as the origin of two rectangular 
axes, let it be assumed, that the actual deviation observed is a compound event, 
of which the two components are the corresponding deviations measured along 
the rectangular axes. Grant, also, that the latter deviations are independent 
events. Further, let us represent by F (, F (V), the probabilities of the respective 
component deviations measured along the axes & and y. - we give to them this 
form, because, positive and negative deviations being equally probable, the func- 
tion expressing probability must be an even one, i. e., must not change sign with 
the error. Hence the probability of the actual deviations observed will be f(z’) 
Ft (y’). Let it be observed that this is not the probability of a deviation to the 
extent /2?+,y? from the mark, but of a deviation to that extent in @ particular 
line of direction. Now, let the principle be assumed, that this expression is inde- 
pendent of the position of the axes, i. e., that we may regard component deviations 
along any two rectangular axes as independent events, by the composition of 
which the actual deviation is produced. We have then & and y’ representing 
two new deviations, 


69 7 (2) 
If Vir then 2’=( and we have — 
An equation of which the complete solution is, 


A and h hang constants. The condition that the probability of the error must 


* Vol. xcii. p. 17, Art. QueTeLer on Probabilities. 
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diminish as the amount of the error increases, requires that i should be negative. 
We may therefore write. , for 4. Whence 
(4) 

To apply this result to the case in which the ban ie viene at some point 
on the plane which, projected on the axis of x, will fall between 2 and æ 82, we 
must give to A the form Cr. 

Thus we get the expression, 

Ce 

Lastly, the certainty that the ball must fall at some point for which the value 

of x lies between -& and ꝙ gives us the equation 


whence =1 and C= Thus, the probability of a deviation from the axis 


an expression which agrees with (1). 
In like manner, the probability that the ball will deviate to a distance greater 
then y and less then y + dy from the axis z will be 


whence the probability that * fall upon the elementary area dx dy 
will be 
＋ * dy 


Now, this result admits of a remarkable confirmation. For it is manifest that 
the probability that the ball will fall somewhere between the distances æ and 
«+02 from the axis , ought to be equal to the above expression integrated with 
respect to y 1 the limits & anda. But that probability has been already 


determined to be os e d; we ought therefore to have 


an equation which is actually true. 

Mr ELLIs considers this as showing, that the principle from which the demon- 
stration sets out, viz., that the actual deviation of the ball from the mark may be 
regarded as a compound event, of which the two independent components are the 
deviations from the axes, involves either a mistake or a petitio principii. But 
consistency of results can never be a proof of mistake in the principles from which 


they are deduced ; and alone, it offers no 9 ground for the suspicion of a 
VOL. XXI. PART IV. | 8G 
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petitio principii. It is to be observed, that it is only the probability of deviation 
from a fixed axis which follows, according to the above investigation, the law 
expressed by Gauss’s function. The probability of deviation in any direction to a 
distance between 7 and idr from the mark, is expressed by a different function. 
This would be fatal to any hypothesis which should represent Gàuss's function as 
determining, d priori, the actual law of deviation. There are indeed few cases in 
which it can be determined what the law is, and writers on probability have been 
far too anxious to interpret nature in accordance with their formule. No one 
has shown this more clearly than Mr ELLis. The precise value of Sir Joun Her- 
SCHEL’s principle, as corrected by him, I conceive to be this,—that it establishes 
an identity between the law of facility of error expressed by Gauss’s function and 
the law which in a special problem, involving the consideration of space and 
motion, seems to accord with our most elementary conceptions of these things; 
and this identity I apprehend to be, not an accidental thing, but a very distinct 
expression of that harmonious relation which binds together the different spheres 
of thought and existence. 

33. We proceed next to the consideration of the second general problem, that in 
which it is proposed to determine the combined force of two testimonies or judg- 
ments in support of a fact, the strength of each separate testimony being given. 

The problem has a material as well as a formal aspect. Thus oral testimonies 
differ from the judgments which are furnished by the immediate personal obser- 
vation of facts. And although no definite general laws have, so far as I am 
aware, been assigned concerning the mode in which the material character of 
the evidence affects expectation, it is not to be doubted that an influence does 
proceed from this source. As respects testimony alone, there are cases in which 
we feel that it is cumulative,—there are cases in which we feel that it is not 
so; and this difference we also feel depends upon the nature of the testimony . 
itself. But in the majority of cases, we should probably feel that the elements 
upon which this difference of character depends are blended together, some 
decided preponderance being due to the one or to the other. Testimony will 
be chiefly or cntirely cumulative which is given quite independently by different 
persons, and is at the same time based upon different grounds. In proportion 
as these conditions fail of being satisfied, the testimony partakes less and less 
of the cumulative character. Still this possession of cumulative character may 
be regarded as the standard by which the distinctive qualities of testimonies, as 
affecting belief or expectation, may be estimated. In judgments founded upon the 
personal observation of facts, though this character may be observed, the standard 
seems to be different. When different modes of considering a subject—different 
courses of experiment or inquiry—lead to different probabilities of a fact, some 
‘making it more probable, some less, we generally feel that a kind of mean ought 
to be taken among them. Perhaps the most succinct general statement would be, 
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that it belongs to testimony, in its normal character, to be cumulative,—to judgment, 
to require the application, in some form or other, of the principle of means or 
averages ; but that all departures from tiiese normal states involve the blending of 
the two elements together, in proportions determined by the degree of the de- 
flection. 

Now, although it does not belong to the theory of probabilities, in its formal 
and scientific character, to pronounce upon the material character of a pro- 
blem, and to say whether its data are in their own nature cumulative or not, yet 
the results to which the theory leads are, in a very remarkable degree, accordant 
with the distinctions which have just been pointed out. I shall show that the 
solution of the problem of the combination of testimonies, when the data are 
presented in a purely formal character, and without any adventitious principle, 
involves arbitrary constants, and is therefore indefinite,—being capable, however, 
under certain circumstances, of assuming a definite form. I shall show that 
such a form is assumed when the circumstances are such as to give to the testi- 
monies the highest degree of cumulative character. I shall then solve the pro- 
blem a second time, introducing that adventitious principle which I have already 
exemplified in the problem of the reduction of astronomical observations, and 
which appears to me to contain the true theory of means or averages. The form 
of the solution thus obtained, which is also perfectly definite, will apply to the 
case, in which it is our object, not to combine testimonies, in the ordinary sense 
of the term, but to determine the mean of expectations founded upon the issues 
of conflicting judgments. To one point of importance I must again, before enter- 
ing upon the analytical investigation, ask the attention of the reader. It is, that 
in the present subject, the question of the right application of a formula is quite 
distinct from that of the validity of the processes by which that formula is de- 
rived from its data. The latter is a question of formal science, the former in- 
volves considerations which belong rather to the philosophy of the human mind. 

I will first express the problem which we have to consider in a general form, 
equally applicable to the combination of testimonies or of judgments. I shall 
consider the fact of a testimony having been borne, or an observation made, as a 
circumstance or event affecting our expectation of the event to which it has re- 
ference. | 


| Prosem II. 

34. Required the probability of an event z, when to circumstances x and y are 
known to be present,—the probability of the event z, when we only know of the exist- 
ence of the circumstance x being p. and its probability when we only know of the — 
existence of y being d. ) 


Here we are concerned with three events, a, y, and 2. For | convenience and 
uniformity I shall, in the solution of the problem, speak of 2 and y as events, as 
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well as of z. A circumstance is an event—a state of things which comes to pass, 
or has come forth—evenit. 

The data leave wholly arbitrary the probabilities of the event æ and y. Thus 
y and ꝙ are conditional probabilities; p is the probability that if the event 2 
occur, the event : will occur; q is the probability that if the event y occur, the 
event : will occur. Hence 


Prob. Prob. 
P= Rck Prob. 


Our object is to determine the probability that if the events « and y both occur, 
the event z will occur. We have therefore to seek the value of the fraction 
Prob. xyz 
Prob. zy 
or, as for our present purpose it is more convenient to say, of 
— 
Prob. Prob xyz 


In seeking the value of Prob. xyz, which we shall represent * u, the formal 
statement of our data and quœsitum will therefore be 


, Prob. æ c, Prob. y=c’ 
Given ** az=cp, Prob. 2 „ (3) 
Required Prob. xyz. 


and ¢ being arbitrary constants expressing the unknown probabilities of the 
events x and . 

A misconception may here arise respecting the meaning of Prob. æ, Prob. v, 
which it is worth while to anticipate. In the case of testimony, Prob. æ would 
not mean the probability that a testimony would be borne, but the probability 
that the particular kind of testimony actually recorded considered with reference 
to its object, credibility, &c., would be borne. Testimonies differ, not merely as 
to their degree of credibility, but as to their wnerpectedness—as to the surprise 
which they occasion. And it is, I think, matter of personal experience that this 
unexpectedness is in itself an element affecting the strength of that expectation 
which combined testimonies produce. So, too, if æ and y are facts of observation, 
e.g., observed symptoms of a disease z, the probability of that disease, when both 
symptoms present themselves, is not determined by the strength of the separate 
presumptions merely, but is consciously increased by our knowledge of the rarity 
of the symptoms themselves. And thus the elements Prob. æ Prob. y, which 
have been introduced by a formal necessity of the statement of the problem are 
seen to belong to the very matter of its solution. 

Making 

yz=6, 


| 

| 
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we find, by the calculus es 


+ terms whoee cocficients are 


a result which may be verified by the method applied to (14) in Art. 23. 
Hence we find, adopting the simplification of Art. 21, 
and since we have 
Prob. æ e, Prob. y=c’, Prob. ep, Prob. t= dq 
Prob. zyz=u, 
we find, as an algebraic system of equations, 


0 


(5) 


_ + x8 ryst + yt 
eq | 


(6) 


This system is easily reduced to the form 


t ty 

y+! a 
~ l+u-cep-¢ ~ ~ 


And if we equate the respective products of the first three and of the last three 
members of the above, we find 


(cp—u) (¢g—u) (8) 


a quadratic equation by which the value of u must be determined. 
If, in like manner, we assume 


Prob. * 


7 


we shall find 


(cl—p—t) (¢I—g—#) (1+ t—cl (9) 
From these equations the values of u and ¢ being determined, we have finally 


Prob. vyz 1 


Before we can apply this solution, we must determine the conditions of pos- 
sible experience, and the conditions limiting the values of u and ¢. For this pur- 
pose writing | | 

Prob. ayz=u, Prob. t, Prob. 2 u. Prob. xyz =, 
Prob. . Prob. | 
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we have, from the data, the equations, 
u 
ut+t+ 
u ＋ = ep 
u ＋ 9 = 0, 
to which must be added the inequations 
u O tSO ps0 v50 e50 «50 
Proceeding as in Art. 14, we find ultimately as the conditions of possible ex- 
perience 
ep <1—¢ (1-9) 21 
together with the usual condition that c, C, p and ꝙ must be positive proper frac- 
tions, or at any rate must not transcend the values 0 and 1. We find, too, as 
the conditions limiting u and t, 


u op u 

u 0 

Se 
tSe+¢el—q—-1 tSe¢+e—p-1 t50 


The solution of the problem assumes, therefore, the following form and cha- 
racter :— 

Ist, It involves two constants c and c, which are arbitrary, except in that 
they are subject to the conditions (11). 

2ndly, The values of u and t, determined from (8) and (9), in subjection to the 
conditions (12), are to be substituted in the formula (10). 

3dly, In the absence of any means of determining e and ¢’, the value obtained 
will be indeterminate, except for particular values of p and g. Some general 
conclusions may nevertheless be deduced from its expression indicating the man- 
ner in which expectation is influenced by circumstances insufficient of themselves 
to give to it a definite amount of strength. This will appear from the following 
analysis. 

Analysis of the Solution. 

35. The solution is contained in the numbered results, from 60 to (12) inclu- 
sive, of the preceding Article. Of these, (11) expresses the conditions of possible 
experience, (12) the conditions limiting u and 1. From (8) and (9), these quan- 
ties are to be determined in accordance with (12), and the resulting values sub- 
stituted in (10). | 

By a proper reduction of (8) and (9), the solution may also be put in the fol- 
lowing form :— 

— . 2) 
where a=cp+cq—1  m=p+q-—1. 
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The values of u and t hence found, in accordance with the limitations ex- 
pressed by (12), are to be substituted in the equation 


— = 
The following special deductions may now be noted. 
1st, If either of the quantities p and g is equal to 1, the probability sought 
is equal to 1, whatever the values of c and c’ may be. 
Thus let p=1. Then (2) gives ¢=0; the only value which satisfies the condi- 
tions (12), in connexion with (11). The equation (1) is not satisfied by u=0, 
whence 


u 


This result is obviously. correct. If, for example, of two symptoms which are pre- 
sent, and which furnish ground of inference respecting a particular disease, one 
be of such a nature as to make the existence of the disease a matter of certainty. 
the fact of that existence is established, however adverse to such a conclusion the 
presumption furnished by the other symptom, supposing it our only ground of 
inference, would be. 

So, too, the verdict of an authority deemed infallible is consistently held to 
annul and make void all opposing testimony or argument, however powerful 
such testimony or argument, considered in itself, may be. 

2ndly, If either of the quantities p and q is equal to 0, the probability sought 
reduces to 0, as it evidently ought to do. 


3dly, If p = ; and q=5, the equations for determining u and t become identical. 
Hence ut, and 


utu 


This result is quite independent of the values of c and . And it is obviously 
a correct result. If the causes in operation, or the testimonies borne, are, sepa- 
rately, such as to leave the mind in a state of equipoise as respects the event 
whose probability is sought, united they will but produce the same effect, whatever 
the d priori probability may be that such causes will come into operation, or 
that such testimonies will be borne. 

At, If c=1, and at the same time c is not equal to 0, we find, for the equa- 


tions determining u and t. 
(p—u) (¢g—u) +1) (u- eg), 
(1—p—t) t(t—¢’ +p) (t—c1—q) 


These give 
ug t=¢(1—q) 


| 
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as the only values which satisfy (12). Hence 


12 09 14 


This result is evidently correct. The probability that such an event will take 
place when two other events, 2 and y, are present, is the same as the probability 
that it will take place when the event y is present, if it is known that the other 
event * is never absent. | 

If and g=1—p, we find in like manner whence 


This result is evidently correct. If the events or testimonies * and / are 
equally likely to happen, and if the first yields the same presumption in farour 
of that event whose probability is sought as the other yields against it, the 


chances are equally balanced, and the probability required is 5. 
6thly, But if g=1—p, while cand ¢ are not equal, then the value of the probability 
sought is no longer 4 It may be shown, by a proper discussion of the formula, 


that the presumption afforded by the event 2, whether favourable or unfavour- 
able, is stronger than the opposite presumption afforded by the event y, when- 
ever e is less than , and vice versa. And hence it follows, that if there be two 
events which, by themselves, afford equal presumptions, the one for and the other 
against some third event, of whose probability nothing more is known, then, if 
the said two events present themselves in combination, that one will yield the 
stronger presumption, which is itself, of the more rare occurrence. This, too, is 
agreeable to reason. For in those statistical observations by which probability is. 
determined, we can only take account of co-existences and successions. We do 
not attempt to pronounce whether the presence of the event. z in conjunction 
with the event a is due to the efficient action of the event æ, or whether it is a 
product of some other cause or causes. The more frequent the occurrence of 2, 
the less entitled are we to assert that those things which accompany or follow 
it derive their being from it, or are dependent upon it. If, for instance, « were 
a standing event, or a state of things always present, the probability that any 
event z would occur when & and y were jointly present, would be the same 
as the simple probability of that event 2 when / was present, and it would be 
wholly uninfluenced by the presence of 2. This is the limiting case of the gene- 
ral principle. 

7thly, The case in which = and p=gq, is a very interesting one. A careful 
analysis leads to the following results. 

If there be two events z and y, which are in themselves equally probable, the 
probability of each being c, and if when the event 2 is known to be present, while 


Probab 
— 
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it is not known whether y is present or not, the probability of z is p, the same 
probability being assigned to z, when it is known that y is present, but not known 
whether 2 is present or not; then, considering p as a presumption for or against 


z, according as p is greater or less than 7 
1. That presumption is strengthened if the events & and y are known to be 
* present, i.e., the probability of z is greater than p, if p is greater than 
. but less than p in the contrary case. 


2. The strengthening of the presumption is greatest when cis least. In other 
words, the less likely the events æ and y are to happen, the more does their actual 
concurrence strengthen the presumption, favourable or unfavourable, which either 
of them alone must afford. 


Sthly, If we suppose ¢ and ¢ bath to approximate to the values of u and! 
also approximate to 0, and the ratio ——— assumes at the limit the form 4 It 


may, however, be shown that its 3 ais at the limit is 


PY 
59 
This is most readily obtained from (1) and (2), by rejecting the terms a’u? and a?’, 
which we may do when u and t are infinitesimal. We thus find that u and t tend 
to assume the values and c (1 p) (1-9), whence 
PY 
ut+t pg+(1—p) (1-9) 
It is interesting here to inquire whether the appearance of the limiting value 


teste =o due merely to the smallness of cand . In studying this ques- 


tion, it occurred to me that it is generally not the mere improbability of events, 
or the mere unexpectedness of testimonies considered in themselves, but the im- 
probability of the concurrence of such events or testimonies which gives to their 
union the highest degree of force. I therefore anticipated, that, if I should in- 
troduce among the primary data of the problem, the probability of the concur- 
rence of the events æ and , assigning to it a value m, it would appear that, when- 
ever m approached to O, the presumptions with reference to the event , founded 
upon æ and , would receive strength, whatever the values of c and c might be. 
And this expectation was verified. On taking for the data | 


Prob.z=c, Prob. /, Prob. æ = m, Prob. az=ep, Prob. 2 


and representing the sought value of 7 — ea by w, I found, for the determina- 
nation of w, the equation | 


(ep mi) (g= m.)) (l—w) =w(ci—p —p—ml—w) (Tg . (9) 
VOL. XXI. PART IV. 81 


| 
| 
| 
| 
| 


638 PROFESSOR BOOLE ON THE COMBINATION 


the conditions of possible experience being that c, c, p, g. and m, should be posi- 
tive proper fractions, subject to the relation 


that root of (9) being taken, which satisfies the * 


wee, w 
Now if in (9) we suppose m to vanish, we find 


(l—w)=we l—pe¢ i-g 
ee PY l—w=w l—g 


whence w= 


79 
(11) 


The condition (10) becomes simply ¢+¢ =1. The remaining conditions are all 
satisfied by the value of w. 

Ihe formula (11), which in the present investigation appears as a kind of 
limiting value, applicable only to cases in which the presumption for or against 
the event : increases most by the combination of the testimonies given, is usual- 
ly regarded as expressing the general solution. The reasoning by which it is 
supposed to be established is the following. 

Let p be the general probability that A speaks truth, q the general probability — 
that B speaks truth; it is required to find the probability, that if they agree in a 
statement they both speak truth. Now, agreement in the same statement im- 
plies that they either both speak truth, the probability of which beforehand is 
pq, or that they both speak falsehood, the probability of which beforehand 
is (l—p)(1—q). Hence the probability beforehand that they will agree is 
pq+(1—p) (1-9), and the probability that if they agree, they will agree in speak- 
ing the truth, is accordingly expressed by the formula (11).* In the case of n, tes- 
timonies whose separate probabilities are , P.. . . p, the corresponding formula is 


Pi P2 
(12) 


In applying which, it is usual to regard one of the testimonies as the initial testi- 
mony of the mind itself.+ Substantially the same reasoning is applied to deter- 
mine the probability of correctness of a decision pronounced unanimously by a 
jury, the probabilities of a correct decision by each member of the jury being given. 

In this reasoning there is no recognition that it is to the same fact that the 
several testimonies are borne. Take the case of two testimonies, and the problem 


* Cournot Exposition de la Theorie des Chances, p. 411. De Morgan, Formal Logic, p. 191. 
t Formal Logic, p. 195. | | 
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which is substituted for the true one is the following. The probability that A 
speaks truth is p, that B speaks truth is 9; what is the probability that, if 
they both make assertions, and these assertions are both true or both false, they 
are both true? Whether A and B make the same assertion or not is assumed 
to be a matter of indifference. But this assumption is, in point of fact, as erro- 
neous as it is unwarranted. The problem which we have solved in the preceding 
sections, interpreted in relation to testimony, is the following. Two witnesses, A 
and B, assert a fact. The probability of that fact, if we only knew of A’s state- 
ment, would be p, if we only knew of B's, would be 9; what is its probability 
when we know of both? The formal expression of this problem will be seen in 
Art. 34. The most complete formal expression of the problem which has been 
substituted for it, taking into account all its elements, is as follows. Let * 
and y represent the testimonies of A and B, w and 2 the facts to which these 
testimonies respectively relate. Observe that no hypothesis is here made as 
to the connection, by sameness or difference, of w and 2. And the simple al- 
sence of any such hypothesis is properly signified by expressing the events by 
different symbols, unaccompanied by any logical equation connecting these sym- 
bols. 

If we wish to indicate that the events w and : are identical, we must write 
us a connecting logical equation, 

w=2Z 

though it must be simpler to express the identity by the employment of a single 
symbol as before. Any other definite relation may be expressed in a similar way. 

The Problem now stands thus :— 


Prob. SC, Prob. zw=cp, 
Given (13) 
Prob. /, Prob. yz=c'q, 
- Prob. (14) 


Prob. aywz+ Prob. 2 
First, we will seek the value of Prob. xywz. 
Let yz=t, xrywz=v 


From these logical equations we must now determine v as a developed — 
function of 4, y, s, and t. The result is 


+ terms whose coefficients are 4 


Let u be the value of Prob. v. Then, by the simplification of Art. 21, we 
have 
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0 


let + xys + x8 ryt + yt 
ey 
et 


Equating the product of the third and fourth to that of the fifth and sixth mem- 
bers of the above system, we have 
whence ec’ (1 Y (1—p) =Prob. a ywz 
And hence 
Prob. zywz+Prob.cywz (1-9) (1-4 (19) 
Here it will be noted, that although the arbitrary constants e and c were neces- 
sarily introduced into the expression of the data of problem, they have no place in 
its solution. The result, it will also be seen, agrees with (8); and it thus shows that 
that formula would express the true solution of the problem originally proposed, 
if it were permitted to neglect the circumstance that it is to the same fact that 
the testimonies have reference, and so to regard their agreement as merely an 
agreement in being true or in being false, but not in being true or in being false 
about the same thing. 


Special Solution of Problem II. founded upon the principle of the limit. 

36. In the present investigation we employ the principle stated in Art. 24, 
our object being to determine the mean between p and g. when they represent 
probabilities founded upon different judgments, just as in Art. 25 we have deter- 
mined the mean between p and g, when they represent different observed values 


of a physical magnitude. 
To the previous data, viz., 
Prob. , Prob. =, Prob. az=cp, Prob. 
we now add, as the supposed d priori value of Prob. 2, 
From these collective data we determine the fraction 
Prob. xyz Prob. xyz 


Prob. ay r Prob. ayz+Prob. xyz 
representing the d posteriori value of Prob. z, and, equating the d privri and d 


posteriori values, determine x. The principle upon which the investigation pro- 


ceeds, is, that we attribute to the mean strength of the probabilities p and ꝗ such 
a value, that if the mind had previously to the evidence been in the state of ex- 
pectation which that value is supposed to measure, the evidence would not have 


| 
| 
| ~ 
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tended to alter that state. By the evidence I mean, of course, that which forms 
the basis of the judgments. 

Making, as before, 
=t ryz=v 


and determining v as a developed logical function of z, y, 2, s, and t, we find 
terms whose coefficients are > 
Hence, availing ourselves of the simplification of Art. 21, we have 


TY + fis + ry 
0 ¢ 


+ 8 + ytz 


ey eq 
— 
r 


If we equate the product of the third and fourth to that of the fifth and sixth 
members of the above system, we find 


Prob. & = 
whence by symmetry, . 
Prob. ays = 
Substituting these values in (3), we have 
Prob. xyz _ pq(1—r) (5) 
Prob. zy (l—p) (l—q)r 


Before proceeding further, it will be well to note that in this formula p and ¢ 
represent, not the general probabilities which the testimonies or evidences 


upon which our judgments are founded would give to the event z, but the proba- 


bilities which they would separately produce in a mind embued with a previous 
expectation of the event z, the strength of which is measured by r. And there 
are some curious confirmations of the truth of the theorem, two of which I shall 
notice. 
If we represent the d posteriori value of Prob. z by R, and accordingly make 
— 
we find, on solving the equation relatively to r, 


1-R 
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from which it appears, that if r is the d priori expectation of an event 2, and if 
evidences are presented which severally would change r to p and 9, and unitedly 
would change it to R; then, reciprocally, if R measured the d priori expectation 
of the event, and evidences were received which would severally change it to p 
and g, unitedly they would reduce it to r. Now this is evidently what ought to 
be the case, since testimonies simply countervailing those by which r was 
changed to R, would simply undo what was done, and again reduce R to r. 

We see that p and q being the same, R is greater when r is less, and less 
when r is greater; and this, though it is contrary to what we might at first ex- 
pect, is agreeable to reason. For the effect of evidence is to be measured, not by 
the state of expectation which exists after it has been offered, but by the degree 
in which the previous state of expectation has been changed by it. Suppose p 
and g much greater than r, which we will conceive to be a small quantity, then 
the separate evidences greatly increase the probability of an event which was be- 
fore very improbable; and unitedly they do this in a much higher degree than if 
the separate evidences had merely been such as to raise to the measures p and 9. 
an expectation which was before not much below these measures. 

Now, introducing the principle of the mean already explained, Art. 24, let us 
in (6) make R=7, we have 

pq (1—r) 

| Pq =p) 

and solving this equation relatively to 7, we find 


the formula required. 

37. Upon this result, the following observations may be made: 

In the first place it may be shown, from the formula itself, that it always ex- 
presses a value intermediate between the values py and g. Thus we have 


(19 
— 
5 (1— 90 
on reduction. In like manner we 8 


_Vq(l—p)—Vp (1-9) 


Vpq+Vl—p 1-9 


As p and q are positive fractions, the values of r—p and 7-9. given in (9) and 
(10), are clearly of opposite signs, whence r must lie between p and g. 


7 0) 


| 

| 

| 
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In the second place, it may be shown, that r approaches more nearly to that 
one of the two values p and g, which most nearly approaches either of the limits 
o and 1. To show this, let us suppose ꝙ greater than p, and let us first inquire, 
under what circumstances r approaches more nearly to g than to p. 

We must then assume 

Substituting the values of these members from (9) and (10) we have 
vq (I= ) (1—p)—vp (1-9) 


Now, ꝙ being by — greater than p, it is evident that V (i—p) —vp (1—q) 
will be positive. Rejecting, then, the common positive factor on both sides of the 
inequation we have 


Vp (I=p) 
29 
I-P 
and dividing both sides by the positive factor g—p 
leptq 
<p 
a condition which shows that g must be nearer to 1 than p is to 0. 

On the other hand, as would appear from the very same analysis, changing 
only the signs & into >, the condition that 7 may — more nearly to p than 
to 9. is that p may be nearer to 0 than gq is to 1. 3 

Now, 1 and 0, as limiting the measures of probability of the event z, indicate, 
the one that it certainly will, the other that it certainly wili not occur. And the 
approach of any measure of probability to these limits indicates the approach of 
the probability to certainty. We see, then, that when p and q are measures of 


the probability of an event founded ‘on different judgments, the mean between 
these measures, as determined by (8), will not be the usual arithmetical mean, but 


will always fall nearer to that one of the two values p and g which expresses a 


probability the most nearly approaching to certainty. 

Now, this seems to be in accordance with reason. Evidence of any kind 
which enables us to pronounce a judgment with certainty, entirely preponderates 
over that which only enables us to affirm a probable judgment, Art. 35. And 
the more of the character of certainty that is possessed, the greater is the weight 
which is due to the evidence to which it belongs. 

38. By an analysis similar to that which is applied in the previous sections, I 
have determined the general value of r, when the number of judgments is u, and 


| 
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the values which they respectively give to the probability of the event 2 are p, 
The result is 


(. 


+ . . (l—p,) * 


T= 


(1) 


This is the general formula of the mean in reference to judgments, and much as 
it differs from the formula of the mean, in reference to the observations of a 
physical magnitude, some remarkable points of analogy exist. I will notice but 
one. The arithmetical mean is not altered if to the quantities among which it is 
taken we add another equal to the previous mean. Thus we have 


PitPo+++Pasi Pit + Pra 
n 


provided that Pas: =” Or representing e by P., we have 


Past = P, 
provided that 
(2) 

The same relation may readily be shown to hold also, if P, 8 the mean of 
judgment, as expressed in (1). 

39. The following is a brief summary of the conclusions established in this 
paper. 

1st, The solution of the problem of astronomical observations by the logical 
theory of probabilities is, in its general form, indefinite. 

2ndly, It becomes definite, if we introduce the general principle of means. The 
result is in accordance with the usual formulæ, but expresses the so-called mweights 
of the observations as determinate functions of certain probabilities relating to 
the correctness of the observations, and, the character of the observers. 

3dly, When, as respects the two last elements, the observations are considered 
equal, the formula is reduced to the expression of the arithmetical mean. 

4thly, The complete solution of the problem of the combination of two proba- 
bilities of an event founded upon different testimonies or judgments is indefinite, 
but admits, in various cases, of being reduced to a definite form. | 

tl, This indefiniteness is due to the circumstance indicated by the formula, 
that the strength of the probabilities in combination is due, not to the strength 
of the separate probabilities alone, but also to the degree of a ga of 
the testimonies or judgments themselves. pax 

6th/j, Combined presumptions, whether for or against an event, are generally 
strengthened by the unexpectedness of the combination: ! 

7h. When probabilities as p., p,,. .p, are in a high degree cumulative, owing 


— 
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to the exceeding improbability d priori of their combination, the expression for 
their united force tends to assume the form 
PIP: Pn 
P. (Ii) (I- (I- .) 

commonly assumed to express the general solution. 

Stily, When the probabilities are so far from being cumulative that we feel 
that we ought to take a mean between them, the above formula is replaced by 
the following, viz.— 


{Pi Ps 7. 


9thly, This formula takes, in reference to ordinary judgments, the place of the 
arithmetical mean, with relation to the problem of astronomical observations, 
both being expressions of a more general principle. 
40. It will probably appear to some of the readers of this paper, that I have 
dwelt more upon questions of philosophy and of language, than it is usual to 
do in mathematical treatises, and that I have also, in various parts, assumed 
the office of a critic, rather than that of an expositor of original views. Respect- 
ing the first of these poitts, I will only express a hope, that I have nowhere 
in this paper entered into discussions that are not strictly relevant to the subject. 
Upon the second, I have to observe, that the theory of probabilities is one in which 
as it seems to me, the critical office is especially needed. I do not think that it 
is likely to gain much advance from mere analysis. As respects the original 
portions of this paper, it is my strongest wish, that they should be regarded chiefly 
as materials for future judgment. Thus it is possible that the theory which I 
have developed with reference to problems of which the elements are logical, may 
be found to involve inconsistencies as a scientific theory, though I do not think - 
this likely to be the case. But whether that theory shall finally be accepted or 
not, it is, I conceive, of some present importance, to establish the necessary de- 
pendence of any theory, professing to deal with the same class of problems, upon 
what I have termed the conditions of possible experience,—to show how those con- 
ditions may be determined, and how they are to be applied. As respects the so- 
called principle of the mean, applied in certain portions of this paper, it is open 
to inquiry whether it in all cases leads to results possessing the characteristic 
property, noted in Art. 38, and the decision of this question would materially 
affect our estimate of its value. Lastly, it is, I think, highly probable, that con- 
ditions which we do not yet know of may be discovered, affecting, not the possi- 
bility of the data of a problem as discussed in this paper, but their adequacy, 
and the principles which, in statistical research especially, ought to guide us in 
their selection. I am so conscious how limited, imperfect, and in some cases fluc- 
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tuating my own views upon important questions connected with this subject are, | 
that I should regret having engaged in inquiries so lengthened and laborious 
as those of which I now take leave, if I did not think that as materials for future 
judgment, they may possess value and importance. And although the interest 
attaching at present to these inquiries is chiefly speculative, it may be that they 
will yet be found to possess a practical utility. The vast collections of modern 
statistics seem to demand some kind of reduction. I am sure that all who read 
this paper will feel that even towards this end I regard the iabours of the mathe- 
matician as contributing only in a secondary degree. 


APPENDIX A. 


The following proposition in Algebra is of extreme importance in connection 
with the theory of probabilities. It was originally published by me in the Phi- 
losophical Magazine for March 1855; but the present paper would be incomplete 
without some notice of it. 

| PROPOSITION. 


If V be a rational and integral function of n variables z, y, z . , involving no 
power of these variables higher than the first, and having all its coefficients posi- 
tive, and being complete in all its terms, then if V, represent that part of V which 
contains z, V, that part which contains , and so on; the system of equations 


(1) 


p, 9, &c. being positive fractions, admits of one solution, and of only one * 
in positive values of 2, y, 2 7 


To exemplify this proposition, let us suppose 
V=ary+ba+cy+d 


a, b, c, and d being all greater than 0; then it is affirmed that the system of 
equations 
axy+be axvy+cy 
p and q being positive, admits of one, and only one solution, in positive values 
of z and y. 


The proposition is true =n n=1. For then V=ar+b and the system (1) is 
reduced to the single equation 


Whence we have 


and this value is positive if a and h are positive, and p a positive fraction. 


| 

| 

| | 
7 
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The general proof consists in showing, that if the proposition is true for a par- 
ticular value of n, it is true for the next greater. Whence, being true for the 
case of n=1, it is true universally. I will exemplify the method by showing how 
the truth of the proposition, when n=2 is dependent upon its truth when n=1. 


Let n=2, then we have to consider the system (2), which may be reduced to 
the form 


ary + br 
0 
any +cy 
axy+batcy+a 62 


Let us represent by Y the variable value of the first member of (4), when z and 
y are supposed to vary in subjection to the single condition (3). We have then 
ary + cy 
Now differentiating (3) and (5) relatively to z and y, we find, after slight re- 
ductions, 


(ay b) (cy+d)dz+(ad—be)ady=0 (6) 
ay — dy 


(7) 
where, as before, V=ary+bx+cy+d. Substituting in (7) the value of dr found 
from (6), we have 


(ax te) (bu +d) (ay +b) (cy +d) — (ad—be)’xy 
412 (ay +b) (cy+d) V? dy 


The numerator of this expression may be reduced to the form 
V (aber + abdx + acdy + bed) 


whence 

aber abdæ + acdy + bed 8 

dy (ay +b) d)V x, 
This represents the differential coefficient of Y taken with respect to y as nien 
dent variable, z being regarded as a function of y determined by (3). The ex- 
pression is always positive, if z and y are positive. 

Now let y vary from 0 to « through the whole . of positive magnitude. 

Writing (3) in the form 


where A=ay+b, B=cy+d, the quantity z must, by reference to the case of n=1, 
have a positive value, since A and B are positive and p fractional. Whence, as 


y varies from 0 to &, the value of 47 is always positive. 


Now when y=0, Y=0, and when y= «, Y=1, as is evident from (5). Therefore, 
as y increases from O to &, Y continuously increases from O to I. In this variation 
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it must once, and only once, become equal to g. Wherefore the system (3) (4) 
admits of one, and only one, solution in positive values of z and y. 

The reasoning might also be presented in the following form. The condition 

of Y having a maximum or minimum value is expressed by the equation 

It is obvious that this, as all the terms in the first member are positive, can 
never be satisfied by positive values of z and y Hence Y has no maximum 
or minimum, consistently with (3) being satisfied, and thus it never resumes a 
former value, and is only once, in the course of its variation, equal to 9. 

In the case of n=3, we have 

V =aryz + byz+ caz+ dary + ex + 
and the system to be considered is 
anyz+ cuz + day + 


(11) 
axyz+ byz+day+fy _ 
V 


(12) 


axyz+ byz+ cxz + gz 

Let thé first number of the last equation, considered as a variable function of 
x, y, = be represented by Z, and suppose z, , and z to vary in subjection to the 
conditions (11) (12). Just as before, it may be shown that Z increases continu- 
ously with 2. The condition of Z having a maximum or minimum value, will be 
ex „ by the following equation: | 


(D+H+E+F) (ABC+ ACG+ ABG + BCG) 
+(A+B+4C+G) (DHE+ DHF + DEF + HEF) 

+ (AC + BG) (DF + DH + EF + EH) 

+ (AG 4 BC) (DF +EH 4 DE+FH) 

+ (AB+CG) (DE+DH+FE+FH) 

A=axryz B=byz OCS DS dæ 
ES er F=fy g H=h 
And as this equation has positive values only in its first member, it cannot be 
satisfied by positive values of z, , ; whence, by the same reasoning as before, 
the system (11), (1 2) (13) cannot have more than one solution in n values 
of z, Y, 2. 

To show that it will have one such solution, let z vary from 0 to «, then Z 

continuously increases from 0 to 1, and once becomes equal to r. At every * 
of its variation we may give to (11) and (12) the form 
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Aay+ Ba _ 
y= 
Avy +Cy _ 
which corresponds with the form of the general system (3) (4) in the case of n=2. 
Whence, for each positive value of z, one positive set of values of z and y will be 
found. The system (11), (12), (13) admits, therefore, of one solution in positive 
values of 2, y, z, and of only one. 

To prove the proposition generally, it ought to be shown that the function 
exemplified i in the first members of (10) and (14), for the cases of n=2 and ra=3 
possesses universally the same property of consisting only of positive terms. I 
have proved that it does for the case of n=4, and the analysis was such as to leave 
no doubt whatever of its general truth. 


I will now offer a few remarks on the application of the above proposition. 
The system of equations for determining s and ¢. , Art, 21, is of the form 
Ve V, 


> | (15) 


V being a function of the same 3 character as the one discussed in the 
foregoing proposition, but with this difference, that its coefficients, if we regard 
it as a complete function, are all equal either to 1 or to 0. | 
Thus in Art. 18, we have 
Vastu+s+t+u4l 
Here the terms st, te, and vs, must be considered as present, but with the ‘coeffi- | 
cient 0. 

This limitation does not affect the canentially positive character of the deter- 
mining function exemplified in (10) and (14). Whence the system (15) cannot 
have more than one solution in positive values of s, f, &c. This shows that the 
solution of the system of equations furnished by the general method can never be am- 


The vanishing of some of the coefficients of V does, however, affect the rea- 
soning by which it has been shown, that for the general form of V discussed in 
the last proposition, one solution of the algebraic system in positive values will 
exist. Thus Y in (5) does not vanish with , if both “ and d vanish. And gene- 
rally this vanishing of coefficients in V entails conditions among the quantities 
p, 9, 1. , in addition to that of their being fractional, in order that the derived 
algebraic system may admit of a solution in positive values. 

Thus if we take, as in (7) Art. 18, 


with the derived algebraic system 
stu+8 stu+t Stu 
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it is evident that if s, t. and v are positive quantities, and if we write 


u, a" 1. and must be positive fractions, whence, in addition to the equations 


u+A=p 
u 
we shall have the inequations 
0 AS0 0 0 


u+A+ptvel 

This system is identical with the one obtained in 10, Art. 13, for the determi- 
nation of the conditions of possible experience in the particular question of Proba- 
bilities, in which the above function V presents itself. And a very little attention 
will show, that if in any case we express as above the relations which must 
obviously be fulfilled in order that s, f, &c., may be positive quantities, we shall 
form a system of equations and inequations precisely agreeing with those which 
we should have to form in order to obtain the conditions of possible experience, 
if we sought those conditions, not from the data in their original expression, but 
from the translated data, as employed in Art. 13. | 

Hence, in order that s, t.. in the system of Art. 21, may be positive, or in the 
prior system, positive fractions, the problem of which these systems of equations in- 
volve the solution must represent a possible experience. 

Conversely if that problem represent a possible experience, the quantities s,t . . 
will admit of being determined in the system of Art. 21, in positive values, or in the 
prior system, in positive fractional values. 

I have not succeeded in obtaining a perfectly rigorous proof of the latter, or 
converse proposition in its general form, but I have not met with any individual 
cases in which it was not trne. I will here only — it in Problem II., 
Art. 34. 

Here the value of V is 


— 
and the algebraic system employed in the determination of Prob. 2% is 


xyst+yt _ Net 
u 


For the determination of u we hence find the following equation— 


u (u- ( g—u) (u-cp+¢ qg—1)=0 (7) 


| 
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the conditions of limitation being : 
u>0 u u 
(18) 


Now, since u is greater tien e+¢q—1itis d fortiori greater then cp+¢q—1. Thus 
within the limits assigned to u, all the factors of each term of (17) will be positive. 

If then we give to u the value which belongs to the highest of its inferior 
limits, the first member of (17) will be reduced to its second term, and will be 
negative. If we give to u the value which belongs to the lowest of its snperior 
limits, the first member of (17) will be reduced to its first term, and will be 
positive. Moreover, that member is a quadratic function of u. Hence there is 
one root, and only one, within the limits specified. 

We must now express 2, , s, and t, in terms of u. Their values determined 
from the system (16) are as follows, viz. :— 

u—(+¢q-—1) u—(¢ +cp—') 
1 


＋ 


1— p) 
1-9 


All these expressions become positive when u is determined in accordance 
with the conditions (18). 

It would seem from the above, as well as from reasonings analogous to those 
of Proposition L., that when the algebraic system belonging to a problem in: the 
theory of probabilities is placed in the form 


the limits of variation of the first member of any equation suhject to the condi- 
tion, that the variables shall all be positive, and shall vary in subjection to all 
the other equations of the system, will not in general be 0 and 1, as in the case 
contemplated in Prop. I., but will correspond with the limits of value of the 
second member of the same equation as determined by the conditions of possible 
experience. 

This conclusion I have in various cases independently verified. The analytical 
theory still, however, demands a more thorough investigation. 


APPENDIX B. 


A note to Archbishop WnarkLx's Logic, Book III., sec. 14, contains a rule 
for computing the joint force of two probabilities in favour of a conclusion which, 
as actually applied, is at variance with the preceding results. For this reason, 
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and also because the validity of the rule in question has been made the subject of 
recent controversy, I design to offer a few reinarks upon the subject here. The rule 
is contained in the following extract. As, in the case of two probable premises, 
the conclusion is not established except on the supposition of their being both true, 
so, in the case of two (and the like holds good with any number) distinct and inde- 
pendent indications of the truth of some proposition, unless both of them fuil, the 
proposition must be true: we therefore multiply together the fractions indicating 
the probability of failure of each,—the chances against it; — and the result being 
the total chances against the establishment of the conclusion by these arguments, 
this fraction being deducted from unity, the remainder gives the probability for it. 
. g., A certain book is conjectured to be by such and such an author, partly, 1s¢, 
from its resemblance in style to his known works, partly (2d/y), from its being at- 
tributed to him by some one likely to be pretty well informed: let the probability 
of the Conclusion, as deduced from one of these arguments by itself, be supposed 
2, and, in the other case ?; then the opposite probabilities will be, respectively, 
? and +; which multiplied together give 33, as the probability against the Con- 
clusion ; i. a, the chance that the work may not be his, notwithstanding those rea- 
sons for believing that it is: and consequently the probability in favour of that 
Conclusion will be 33, or nearly 3.” 

A confusion may here be noted between the probability that a conclusion is 
proved, and the probability in favour of a conclusion furnished by evidence which 
does not prove it. In the proof and statement of his rule, Archbishop WHATELY 
adopts the former view of the nature of the probabilities concerned in the data. 
In the exemplification of it, he adopts the latter. He thus applies the rule to 
a case for which it was not intended, and to which it is in fact inapplicable. 

The rule is given, and the conditions of its just application are assigned in 
Professor DR Moraan’s Formal Logic, p. 201. Its origin may be thus explained. 
Let there be two independent causes, A and B, either of which, when present, neces- 
sarily produces an effect E. Let a be the probability that A is present, ) the probabi- 
liy that B is present; then 1—a is the probability that A is absent, 1—» the proba- 
bility that B is absent, (1-a)(1—b) the probability that they are both absent; 
finally, 1~(1—a) (1—b) the probability that they are not both absent. This, then, 
is the probability that one at least of the causes is present; and therefore it is 
the probability that the event E, so far as it is dependent upon these causes, will 
occur. In its special application to arguments viewed as causes of belief or ex- 
pectation, it would lead to the following theorem. If there are two independent 
arguments in favour of a conclusion which the premises of either, if granted, are 
sufficient to establish, the doubt only existing as to the truth of the premises, and if 
the probability that the premises of the first argument are true is a, the probability 
that the premises of the second argument are true ö, then the probability that 
the conclusion is established is 1+(1—a)(1—8). Interpreted, this formula gives 


OF TESTIMONIES OR JUDGMENTS. 653 


Archbishop WHATELY’s rule, but the conditions of its valid application are evi- 
dently not fulfilled in the example which he has given. To satisfy these condi- 
tions, this problem ought to be changed into the following: “ There exists a certain 
quality of style, the possession of which would prore the work to be by the au- 
thor supposed. The probability that the work possesses that quality is 3. There 
is a person so well informed that his attributing the work to the supposed 
author would be conclusive. The probability that he does attribute it to the 
author in question is J. Required the probability, on these grounds, that the 
supposed author is the real one.” But this is evidently not the sense in which 
the problem was meant to be understood. Thus to take one point, it is not the 
quality of the style that is a matter of probability, but the mode in which a 
known and observed quality affects the question of authorship. 

Taking the problem in its intended meaning, each of the fractions g. J, mea- 
- suring, not the probability of the truth of certain premises, but the probability 
drawn from these premises, as conditions, in favour of a certain supposition 
(I use this word in preference to conclusion), we are no longer permitted to 
apply the formula above determined. And we are not permitted to do so, because 
the probabilities with which we are concerned are conditional, and their possession 
of this character greatly increases the difficulty of the problem. Its rigorous formal 
solution is given in Art. 34, and shows that the probability sought is, generally 
speaking, indefinite,—a result which agrees with the conclusions of Bishop TER- 
nor, by whom the error to which attention has been directed was first pointed 
out, Transactions of the Royal Society of Edinburgh, vol. xxi., p. 369. 

I trust that I have not in any way misrepresented Archbishop WHATELY’s 
reasoning ; and I am the more encouraged to believe that I have not, as a defence 
of it which appeared in the United Church Journal expressly proceeds upon the as- 
sumption that the probabilities with which we are concerned are probabilities that 
the authorship is proved. To this view Bishop Terror justly demurred. Nor 
was its inconsistency materially diminished by assigning to proof a meaning less 
absolute than belongs to demonstration. For whatever degree of cogency,—of 
power to produce conviction,—we suppose to characterize proof, the thing itself 
belongs to consciousness, and the question whether given evidence is sufficient 
to convey proof to our minds or not, is a matter of knowledge, not of probability. 
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PROCEEDINGS, &. 


Monday, November 28, 1853. 


At a Statutory General Meeting, Dr Curistison, V. P., in the Chair, the following 
Office-Bearers were duly elected :— 


Sir T. Maxpoveaty Brispaye, Bart., G.C.B., G.C.H., President. 
Sir D. Brewster, K.H., 
Very Rev. Principal Les, 

Right Rev. Bishop Tzxror, 


} * 
Vioe- Presidents. 
Dr 


Hon. Lord Murray, 


Professor Fonnxs, General Secretary, 
W Secretaries to the Ordinary Meetings. 


Joun Russert, Esq., Treasurer. 
Dr Traixt, Curator of Library and Instruments. 
James WIIsox, Esq., Curator of Museum. 


COUNSELLORS. 
Ronxar Esq. Anpnew Coventry, Esq. 
J. T. Gisson-Cratc, Esq. Rev. Dr James Grayrt. 
WILIAX Swan, Esq. Rev. Professor KELLAuy. 
Prof. WILLIAx THomson. Dr Gzorce WIIsOox. 
Dr J. H. Tr. Cuartes Mackanxx, Es g. 
Dr J. H. Barrovur. Rev. Dr Lx. 
The following Committee was appointed to audit the Treasurer's accounts :— 
J. T. Gmsox-Cnale, Esq. Axpzzw Coventry, Esq. James Cunnincuam, Esq. 


The Meeting then adjourned. 
(Signed) Jonx Luz, V. . 


Memorandum. November 28, 1863.—At a Statutory General Meeting of this date, Dr 
- Curistisoy, V. P., made a preliminary statement on the part of the Council to the following 
effect :— | 

That, as it appeared from a recent correspondence, that Professor Fonnxs considered 
his former resignation of the office of General Secretary to stand good without any formal 
renewal of it, the Council had taken into consideration the most advisable course of proce- 
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dure to be followed in consequence of Professor FORBEs’s continued indisposition ; and having 
been apprised that such an improvement had taken place in Professor FoRrBES’s health as to 
warrant strong hopes of his being able to return to Edinburgh, and to business, in the course 
of next year; and being also well satisfied with the manner in which the duties of the Se- 
cretaryship have been discharged in his absence, the Council had resolved to recommend to 
the Society that the arrangement of the past Session should be continued for another year. 

That the Council having been further informed that Professor Forses had intimated 
that he could not accept the usual salary of office for last year, they resolved also to recom- 
mend that Mr WILSON be requested to accept the said salary for his services during the 
preceding Session, and to grant the continuance of these services for the present Session 
upon the same terms. 

The above recommendations were then unanimously adopted and confirmed by the 


General Meeting of the Society. 


6 19, 1853.—At the Ordinary seating of this date, the Acting 
General Secretary, on the part of the Council, stated that Dr Gzoraz Burst of Bombay had 
been duly elected a Fellow of the Society in the Session of 1845-6, but had not been enrolled 
in consequence of his absence in India, where he had, until very recently, resided ; that an- 
ticipating only a short residence in India after his intended return thither, he was desirous 
to become a resident Fellow of the Society, and that the Council, having taken into consi- 
deration the circumstances of the case, had agreed to recommend that Dr Buisr be enrolled 
on payment of the usual admission-money, and the annual subscription for the current Session, 
without the exaction of arrears. | 

Whereupon it was moved by Dr GREVILLE, seconded by JAuns CunNINGHAM, Eeg., 
and unanimously agreed to, That Dr Buist having been duly elected a Fellow of this 
Society in the Session of 1845-6, during his absence in India, be now received as an Ordi- 
nary Resident Member on payment of his entrance money, and annual contribution for the 
current Session.” 


Monday, November 27, 1854. 


At a Statutory General Meeting, W r Lez, V. P., in the Chair, the following 
Office-Bearers were duly elected: 


Sir T. Mx Brissansz, Bart., G. C. B., G. C. H., President. 
Sir D. Brewster, K. H., 
Very Rev. Principal Lr, | 8 
Right Rev. Bishop TEnROr, 
Vice- Presidents. 
Dr AlIsox, 
Hon. Lord Murray, 
_ Professor Fonnzs, General Secretary. 


De * Secretaries to the Ordinary Meetings. 
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Jom Russert, Esq., Treasurer. 
Dr Traitt, Curator of Library and Instruments, 
James Witson, Esq., Curator of Museum. 


COUNSELLORS. 
Dr J. H. Bewwerr. Rev. Dr Ronzur Lez. 
Anvrew Coventry, Esq. Professor C. Piazzt Suyru. 
Rev. Dr James Grant. Hon. B. F. Pruwnosz. 
Rev. Professor KLLAub. Sir WILLIAM Grsson-Caaie, Bart. 
Dr Grorcr WIIsox. Major EDbwand 
Cuartes Mactanen, Esq. James Cunnincuam, Esq. 


The following Committee was appointed to audit the Treasurer’s accounts :— 
Awprew Coventry, Esq. James Watxer, Esq., W. S. Tuos. Toomson, Esq. 
The Meeting then adjourned. se 

(Signed) R. Curistison, V. P. 


Monday, November 26, 1855. 


At a Statutory General Meeting, Dr Curistison, V. P., in the Chair, the following 
Office-Bearers were duly elected :— 


Sir T. Maxvoucatt Baispanz, Bart., G. C. H., President. 
Sir D. BuxwWSsTER. K. H., 
Very Kev. Principal Lux, 
Right Rev. Bishop Vice-Presidents. 
Dr Cnnisrisox, 
Dr Alon, 
Hon. Lord Murray, 
Professor Fonnzs, General Secretary. 
Dr Grecory, 
e Secretaries to the Ordinary Meetings. 
Joun RosszLL, Esq., Treasurer. 
Dr Trait, Curator of Library and Instruments. 
James WILsox, Esq., Curator of Museum. 


COUNSELLORS. 
Dr Gronce Wizson. Sir WWII Gisson-Craic, Bart. 
Cartes Macranen, Esq. James Esq. 
Rev. Dr Ronzur Lx. Dr GaxviIIX. 
Professor C. Prazzr Surrn. A. Kxrrn Jounston, 
Hon. B. F. Dr Macraaan. 


Colonel Mappen: WiILIAu Swan, Esq. 
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The following Committee was appointed to audit the Treasurer’s accounts :— 
J. T. Grason-Craic, Esq. Davin Sπ⁰iE,¾̃ʒ Esq. CRN, Esq. 


The Meeting then adjourned. 5 
(Signed) JoHN V. p. 


Memorandum. November 26, 1855.—At a Statutory General Meeting of this date, 
Professor CHRIST ISOx, V. P., in the Chair, the following Resolution was moved by the 
Treasurer, and unanimously adopted :— 

“1, That it having been reported to the Royal Society by the Council, that Sir Tuomas M. 
Brissane, the venerable and respected President of the Society, has instituted a Prize, to be called 
„Tux MaxpouGatt Brisbane Prizg,” to be awarded by the Council of the Society, in such manner 
and for such purposes as shall be deemed most expedient for the promotion and advancement of science, 
the Society takes the opportunity of the first meeting of the session to record the great satisfaction with 
which it receives this proof of Sir T. M. Baispane’s continued zeal to promote the interests of science, 


and its grateful sense of the confidence reposed by him in the Society, by conferring on the Council such 
large and discretionary powers as to the mode of awarding the prize. 


„The Society has always viewed with pleasure the connection which has so long subsisted 
between it and Sir T. M. Brisbane as its President, from which this Society has derived so much 
benefit and so much honour; and it will henceforth consider the Makpovcatt Brispang Prize” as 
a permanent and pleasing memorial of that connection. 


“2. That a copy of the above resolution be sent to Sir Thomas M. BrisBanz.” 


Monday, November 24, 1856. 


At a Statutory General Meeting, Principal Lez, V.P., in the Chair, the following 
Office-Bearers were duly elected : 


Sir T. Maxpoveatt Buispane, Bart., G.C.B., G.C.H., President. 
Sit D. Brewsrer, K. H., 
Very Rer. Principal 

Right Rev. Bishop TERnor, 
Dr Cnnisrisox, 
Dr Alisox, | 
Hon. Lord Murray, 
Professor Forses, General Secretary. 
Dr Grecory, 

Dr Batrour, } 

Joun Esq., Treasurer. 
Dr Dovetas Curator of Library and Museum. 


Vice-Presidents. 


Secretaries to the Ordinary Meetings. 


COUNSELLORS. 
Hon. B. F. De Tram. 
James Cunnincuam, Esq. Hon. Lord NRAvxs. 
Dr GREVILLE. Dr Tnos. AnpErson, Glasgow. 
A. Kzrru Jounston, Esq. Rev. Dr Hopson. 
Dr Rosert CHAunRns, Esq. 


Wa. Swan, Esq. J. T. Gmson-CRAIG, Esq. 


* 
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The following Committee was appointed to audit the Treasurer's Accounts :— 

J. T. Gissox-Crarc, Esq. Joux Macxxxzik, Esq. James Cunnincuam, Esq. 
The Meeting then adjourned. 


Memorandum.—January 5, 1857.—At the ordinary Meeting of this date, Dr Curisti- 
sox, in the absence of Mr RUssgLL, the Treasurer, proposed that the We motion, 
tabled on the Ist December, be carried 


That the Meeting do resolve that Laws II., III., and IV., and Law XVI., be altered and stand 
as follows :—[The alterations are printed within brackets.) 


Law II. 
Every Ordinary Fellow, within three months after his election, shall pay [Two] Guineas as the 
fee of admission, and Three Guineas as his contribution for the Session in which he has been elected— 
and annually, at the commencement of every Session, the like sum of Three Guineas ; [that this annual 


contribution shall continue for ten years after his admission, and thereafter it shall ‘be limited to Two 
Guineas for fifteen years thereafter.] 


Law III. 


All Fellows who shall have paid twenty-Ave years’ annual contribution shall be exempt from 
farther payment. 


Law IV. 


The fees of admission of an Ordinary Non-Resident Fellow shall be £26, 5s., payable on his 
admission ; and in case of any Non-Resident Fellow coming to reside at any time in Scotland, he shall, 
during each year of his residence, pay the usual annual e tribution of £3, 3s. payable by each Resi- 
dent Fellow, but after payment of such annual — ior eight years he shall be exempt from any 
further payment. 

[In the case of any Resident Fellow cessing to reside in Scotland, and wishing to continue a 
Fellow of the Society, it shall be in the power of the Council to determine on what terms, in the 
circumstances of each case, the privilege of remaining a Fellow of the Society shall be continued to 
such Fellow while out of Scotland.] 


Law XVI. 
That the words “ and an Assistant Curator,” in this Law, shall be omitted. 


The motion was seconded by Professor MORE, and was carried, it being recommended 


to the Council to take means of ensuring that all existing Members shall benefit by the 


change in the entrance fee and annual contribution after ten — according to their period 
of Membership. 


Memorandum. February 2, 1857.—At the Ordinary Meeting of this date, it was an- 
nounced from the chair that Mr Russe. desired to be relieved from the office of Treasurer. 
The Meeting received Mr RuSSELL’s resignation with the greatest regret ; and resolved 


that a cordial acknowledgment of his long continued and zealous services to the n be 
entered on the Minutes. 


Memorandum. February 16, 1857.—At the Ordinary Meeting of this date, Dr 
CHRISTISON, V.P., the Chairman, stated that the Council had, according to the recommenda- 
tion made at last Meeting, considered the subject of Mr RusskLL's retirement, and had re- 
solved to propose to the Society the following motions :— 
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“1. That Mr Russzrr's letter of resignation be recorded in the Minutes.” 
This motion was unanimously agreed to, and the letter follows :— 


Sm,—lI have now held the office of Treasurer of the Royal Society for eighteen years, and in the 
course of next month I shall enter on the 78th year of my age. It seems to me, therefore, full time 
that the duties of that office should be devolved on some younger and more active Fellow of the Society, 
I therefore now beg to resign that office, and request you will lay this letter of resignation before the 
next Meeting of Council.—I am, &c. (Signed) Ross. 


“2. That the following resolution, conveying the thanks of the Society to Mr Russzit, be re- 
corded in the Minutes.” 
This was carried unanimously, and the resolution follows :— 


Resolved, That this Meeting do record their deep sense of the zealous and important services 
rendered to the Royal Society by its late Treasurer, Mr Russert. During the long period of eighteen 
years for which he has held that office, the funds of the Society have been in a steadily prosperous con- 
dition. The benefit of Mr RussxLT's cordial and effective assistance has been felt not only in this, but 
in every department of the Society’s affairs, and that assistance the Meeting hope may still long con- 
tinue, notwithstanding Mr Russex1’s withdrawal from the responsibility of his official position. 

“3. That Mr James Greson-Craic be elected Treasurer, in room of Mr Russex resigned.” 


This motion was carried unanimously, 


Memorandum.— March 2, 1857.—At the Ordinary Meeting of this date, Mr D. 
SMITH made the following motion, which was seconded by Mr NasMyTH, and unanimously 
adopted :— 

“ That the Council be requested to consider the propriety of recording in a fitting and permanent 
manner the feelings of the Society towards their late Treasurer, Mr Russext, for the benefit which the 
Society hag received from his attention and exertions during the time he has acted as Treasurer, and to 
report their opinion and the manner in which they think such a record should be most appropriately made.” 


Memorandum.—April 20, 1857.—At the Ordinary Meeting of this date, Dr FLEMING 
moved, and Mr SyME seconded, the following resolutions, of which notice had been given 
at the previous Ordinary Meeting :— 

‘1. That the Council has exceeded its powers in reference to the Neill Prize, by determining and 
anrouncing the conditions of appropriation before submitting the case for the approval of the Society. 


“2. That the conditions announced by the Council are framed with the view of enhancing the 
importance and promoting the interest of the Society, rather than the recognition of merit, contem- 
plated in a liberal spirit, and so unequivocally indicated by the terms of the bequest. 

“3. That the subject be remitted to the Council for reconsideration, with an injunction that the 
results be laid before the Society for approval, previous to publication.“ 


The Rev Dr GRANT moved, and Mr D. Suirn seconded, the following amendment :— 

“ That the Society sees no ground for disturbing the arrangements for the appropriation of the 
Neill Bequest, as announced by the Council, and expresses its approval of said arrangements.” 

On the vote being taken, 32 voted for the amendment, and 18 for the motion. 

The Chairman declared the amendment to be carried. 


Memorandum.—April 20, 1857.—At the Ordinary Meeting of this date, it was pro- 
posed on the part of the Council (in consequence of a remit to them from the Society on the 
2d March), that a sum not exceeding Fifty Guineas, should be set apart from the funds of the 
Society for the purchase of a piece of Plate to be presented to Mr RussELL, the late Trea- 
surer, in the name of the Society, and in acknowledgment of his long-continued and valuable 
services ; a notice to this effect having been made at last Ordinary Meeting. 

This motion was carried by acclamation. 
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MEMBERS ELECTED. 


April 18, 1853. 
Hvon Scorr, Esq. of Gala. 


December 5, 1853. 
Grame Rei Mercer, Esq. 


December 19, 1853. 
Dr Georce Buist, Bombay. 


January 3, 1854. 
Sir Jonx Maxwe tt, Bart. 


January 16, 1854. 
Murray, Esq. of Monkland. 


February 20, 1854. 
Dr Joux Apprxcton Symonps, Clifton, Bristol. 


April 3, 1854. 
Henxy DuxrLor, Esq. of Craigton. 


April 17, 1854. 


Dr WILIA Birp Herapatu, Bristol. Professor Ronert Harkness, Queen's College, Cork. 


December 4, 1854. 
Dr Tuomas A. Wise. | Dr James Coxe. 


December 18, 1854. 
Ernest Boran, Esq. 


January 2, 1855. 
James P, Fraser, Esq. 


February 5, 1855. 
Dr Srevenson Macapam. 


| February 19, 1855. 
RonkRT Ernerives, Esq., Clifton, Bristol. Jonx Inexis, Esq., Dean of Faculty, 
| | Rev. James S. Hopson, M.A. 
March 19, 1855. 
Dr Wrvitte T. C. Tomson, Professor of Geology, Belfast. 
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April 2, 1855. 
Sir Rosert K. Arsutunor, Bart. 


April 30, 1855. 
Dr Watcut, Cheltenham. 


December 3, 1855. 
James Har, Esq. R. M. Sur, Esq. 


January 7, 1856. 
David Bryce, Esq. 


January 21, 1856. 
Mitcuett ETLIs, Esq. Dr Georce J. ALLMAN. 


February 4, 1856. 
Hon. Lord Neaves. Dr Frepericx Penny. 


February 18, 1856. 
Dr Txromas Laycock, Professor of Medicine. 


March 17, 1856. 


Tuomas Ciecuorn, Esq,, Advocate. 


April 21, 1856. 
James Crerk Maxwett, Esq., Professor of Natural Philosophy, Marischal College, Aberdeen. 


Januar, 5, 1857. 
Horatio Ross, Esq. Dr James Brack. 


February 2, 1857. 
Dr Jonx Ivon Murray. 


February 16, 1857. 


Joux Metvitte, Esq., W.S. Joun Biackwoop, Esq. 
Brinstzy De Courcy Nixon, Esq. 


March 2, 1857. 7 


Avprew Murray, Esq. of Conland. Rev. Dr James Macraklaxx, Duddingston. 
Dr W. M. Bucnaxax. 


April 6, 1857. 
Tuomas Lom, Esq., C. E., Pegu. 


( 665 ) 


LIST OF THE PRESENT ORDINARY MEMBERS, 


IN THE ORDER OF THEIR ELECTION. 


General 8 Sie THOMAS M. BRISBANE, Bart., G. C. B., &c., F.R.S. Lond., 
PRESIDENT. — 


Date of 


Election. 

1798 Alexander Monro, M.D. 

1808 James Wardrop, Esq., London. 
Sir David Brewster, K. H., LL.D., F.R.S., Lond., St Andrews. 

1811 General Sir Thomas Makdougall Brisbane, Bart., G. C. B., G. C. H., F. R. S. Lond. 
James Jardine, Esq., Civil Engineer. 
Alexander Gillespie, Esq., Surgeon. 

1812 James Pillans, Esq., Professor of Humanity. 
Sir George Clerk, Bart., F.R.S. Lond. 

1813 William Somerville, M.D., F.R.S. Lond. 

1814 Right Honourable Viscount Arbuthnot. 
John Fleming, D.D., Professor of Natural Science, New College. 

1815 Henry Home Drummond, Esq., of Blair- Drummond. 
William Thomas Brande, Esq., F.R.S. Lond., Professor of Chemistry in the Royal Institution. 

1816 Leonard Horner, Esq., F.R.S. Lond. 

1817 Alexander Maconochie Wellwood, Esq., of Meadowbank. 
William P. Alison, M.D., Emeritus Professor of the Practice of Physic. 
Robert Bald, Esq., Civil Engineer. | 

13818 Patrick Miller, M.D., Exeter. 

John Watson, M.D. 
Right Honourable John Hope, Lord Justice-Clerk. 

1819 Patrick Murray, Esq., of Simprim. et 
Thomas Stewart Traill, M.D., Professor of Medical Jurisprudence, Ps \ 
Alexander Adie, Esq. 
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Date of 

1819 George Forbes, Esq. 

1820 James Keith, M.D., Surgeon. 
Charles Babbage, Esq., F.R.S. Lond. 
Sir John F. W. Herschel, Bart., F. R. S. Lond. 
John Shank More, Esq., Professor of Scots Law. 
Dr William Macdonald, Professor of Natural History, St Andrews. 
Sir John Hall, Bart., of Dunglass. 

1821 Sir James M. Riddell, Bart., Strontian. 
John Lizars, Esq., Surgeon. 
John Cay, Esq., Advocate. 
Robert Kaye Greville, LL.D. 
Robert Hamilton, M.D. 

1822 James Smith, Esq. of Jordanhill, F.R.S. Lond. 

William Bonar, Esq. 
George A. Walker-Arnott, LL.D., Professor of Botany, Glasgow. 
Very Rev. John Lee, D.D., Principal of the University of Edinburgh. 
Sir James South, F.R.S. Lond. : 
Sir W. C. Trevelyan, Bart., Wallington, Northumberland. 
John Russell, Esq., P.C.S. 

1823 Captain Thomas David Stuart, of the Hon. East India Company’s Service. 
Andrew Fyfe, M.D., Professor of Medicine and Chemistry, King’s College, Aberdeen. 
Robert Bell, Esq., 4 
Admiral Norwich Duff. 

Warren Hastings Anderson, Esq. 

Alexander Thomson, Esq., of Bunchory. 

Liscombe John Curtis, Esq., Ingsdon House, Devonshire. 
Robert Christison, M.D., Professor of Materia Medica. 
John Gordon, Esq., of Cairnbulg. 

1824 Robert E. Grant, M.D., Professor of Comparative Anatomy, University College, London. 

Rev. Dr William Muir, one of the Ministers of Edinburgh. 

James Pillans, Esq. 

James Walker, Esq., Civil Engineer. 

William Wood, Esq., Surgeon. ‘ 

1825 Honourable Lord Wood. | 

1826 Sir David Hunter Blair, Bart., Blairquhan, Ayrshire. 

1827 John Gardiner Kinnear, Esq. 

James Russell, M.D. 
Very Rev. Edward Bannerman Ramsay, A.M., Camb. 
1828 Erskine Douglas Sandford, Esq., Advocate, 
David Maclagan, M.D. 
Sir William A. Maxwell, of Calderwood, Bart. 
John Forster, Esq., Architect, Liverpool. 
Thomas Graham, A. M., Professor of Chemistry, London University. 
David Milne Home, Esq., Advocate. 
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Date of 


Election. 
1328 Dr Manson, Nottingham. 
1829 A. Colyar, Esq. 
Sir William Gibson-Craig, Bart., of Riccarton. 
Right Honourable Duncan M‘Neill, Lord Justice - General. 
Venerable Archdeacon Sinclair, Kensington. 
Arthur Connell, Esq., Professor of Chemistry, St Andrews. 
James Walker, Esq., W.S. 
1830 J. T. Gibson-Craig, Esq., W.S. 
Sir Archibald Alison, Bart., Sheriff of Lanarkshire. 
Honourable Mountstuart Elphinstone. 
James Syme, Esq., Professor of Clinical Surgery. 
Thomas Barnes, M.D., Carlisle. 
1831 James D. Forbes, D. C. L., F. R. S. Lond., Professor of Natural Philosophy. 
Right Honourable Lord Dunfermline. 
David Boswell Reid, M. D., London. 
1832 John Sligo, Esq., of Carmyle. 
N William Gregory, M. D., Professor of Chemistry. 
Robert Allan, Esq., Advocate. 
Robert Morrieson, Esq., Hon. E. I. C. Civil Service. 
Montgomery Robertson, M.D. 
1833 Captain Milne, R.N. 
His Grace the Duke of Buccleuch, K.G., Dalkeith Palace. 
David Craigie, M.D. 7 
Sir John Stuart Forbes, Bart., of Pitsligo. 
Alexander Hamilton, LL.B., W.S. 
Right Honourable Earl Cathcart. 
1834 Mungo Ponton, Esq., W. S., Clifton, Bristol. 
Isaac Wilson, M.D., F.R.S. Lond. 
Professor Low. 
Patrick Boyle Mure Macredie, Esq., Advocate, of Piercetown. 
John Davies Morries Stirling, Esq. 8 
Thomas Jameson Torrie, Esq. 
John Haldane, Esq., Haddington. . 
William Sharpey, M.D., Professor of Anatomy, University College, London. 
1835 John Hutton Balfour, M.D., A.M., F. R. S. Lond., Professor of * 


Right Honourable Lord Campbell. 
William Brown, Esq., F. R. C. S. 
R. Mayne, Esq. 
1836 David Rhind, Esq., Architect. 5 0 
Archibald Robertson, M. D., F. R. S. Lond. 7 


1837 John Archibald Campbell, Esq., W. S. 
John Scott Russell, Esq., A.M , London, 
Charles Maclaren, Esq. 
Archibald Smith, Esq., M. A., Camb., Lincoln's Inn, London. 
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668 | ‘LIST OF ORDINARY MEMBERS. 
Date | 


of 


Election, 

1837 Richard Parnell, M.D. 

Peter D. Handyside, M.D., F.R.C.S. 

1838 Thomas Mansfield, Esq., Accountant. 
Alan Stevenson, Esq., Civil Engineer. 

1839 David Smith, Esq., W.S. 

Adam Hunter, M.D. 

Rev. Philip Kelland, A.M., Professor of Mathematics. 
William Alexander, Esq., W.S. 

F. Brown Douglas, Esq., Advocate, 

Colonel Swinburne, of Mearns. 

1840 Alan A. Welwood Maconochie, Esq. 
Martyn J. Roberts, Esq., Fort-William. 
Robert Chambers, Esq. 

James Forsyth, Esq., of Dunach. 
Sir John M‘Neill, G. C. B. 

John Cockburn, Esq. 

Sir William Scott, Bart., of Anerum. 
Right Rev. Bishop Terrot. 

Edward J. Jackson, Esq. 

John Learmonth, Esq., of Dean | 
John Mackenzie, Esq. 

James Anstruther, Esq., W. S. 

1841 John Millar, Esq., Civil Engineer, Millfield House, Polmont. 

George Smyttan, M.D. 
James Dalmahoy, Esq. 

1842 James Thomson, Esq., Civil Engineer, Milford, Pembrokeshire. 
John Davy, M. D., Inspector-General of Army Hospitals. 
Robert Nasmyth, Esq., F. R. C. S. 
Sir James Forrest, Bart., of Comiston. 

James Miller, Esq., Professor of Surgery, 

John Goodsir, Esq.. Professor of Anatomy. 

1843 A. D. Maclagan, M. D., F. R. C. 8. 
John Rose Cormack, M. D., F. R. C. P., Putney. 
Allen Thomson, M. D., Professor of Anatomy, Glasgow. 
Joseph Mitchell, Esq., Civil Engineer, Inverness. 
Andrew Coventry, Esq., Advocate. 
John Hughes Bennett, M.D., F. R. C. P., Professor of Physioloyy. 
D. Balfour, Esq., of Trenaby. 5 
Henry Stephens, Esq. 

1844 The Honourable Lord Murray. 
J. Burn Murdoch, Esq., Advocate, of Gartincaber. 
Archibald Campbell Swinton, Esq., Professor of Civil Law. 
James Begbie, M.D., F. R. C. S. 
James V. Simpson, M. D., Professor of Midwifery. 


LIST OF ORDINARY MEMBERS. 


Date of | 
1844 David Stevenson, Esq., Civil Engineer. 
Thomas R. Colledge, M. D., F.R.C.P.E. 
1845 James Andrew, M. D.“ 
George Wilson, M.D., Professor of Technology. 
John G. M. Burt, M.D. 
Thomas Anderson, M. D., Professor of Chemistry, Glasgow. 
1846 A. Taylor, M.D., Pau. 
S. A. Pagan, M.D. 
Rev. De James Rebortoon, Profeesor of Disinity ond History. 
Alexander J. Adie, Esq., Civil Engineer. 
L. Schmitz, LL.D., Ph.D., Rector of High School. 
Charles Piazzi Smyth, a. Professor of Practical ee 
1847 George Makgill, Esq., of Kemback. 
William Thomson, Esq., M.A. Camb., Professor of heat Philosophy, Glasgow. 
J.H. Burton, Esq., Advocate, 
James Nicol, Esq., Professor of Natural History, Aberdeen. 
William Macdonald Macdonald, Esq., of St Martins. 
Honourable Lord Handyside. 
Alexander Christie, Esq. 
John Wilson, Esq., Professor of Agriculture, 
Moses Steven, Esq., of Bellahouston. 
1848 James Tod, Esq., W.S., Secretary to the Royal Scottish Society of Arts. 
Thomas Stevenson, Esq., C.E. 
James Allan, M.D., Inspector of Hospitals, Portsmouth. 
Henry Davidson, Esq. 
Patrick Newbigging, M.D. 
William Swan, Esq. 
Patrick James Stirling, Esq. . 
1849 William Stirling, Esq., of Keir, M.P. 
John Thomson Gordon, Esq., Sheriff of Mid-Lothian. 
D. R. Hay, Esq. 
William Thomas Thomson, Esq. 
Honourable Lord Ivory. 
William E. Aytoun, D.C.L., N of Rhetoric and Belles Lettres. 
W. H. Lowe, M. D., Balgreen. 
Honourable B. F. Primrose. 
John Stenhouse, M. D., Islington. 
K David Anderson, Esq., of Moredun. 
W. R. Pirrie, M. D., Professor of Surgery, Marischal College, Aberdeen. 
Right Honourable The Earl of Minto, G.C.B., Minto House. 
Right Honourable The Earl of Aberdeen, KT. Haddo House. 
Right Honourable The Earl of Haddington, K. T., Tyninghame, 
His Grace The Duke of Argyll, Inverary Castle, 
The Most Noble the Marquis of Tweeddale, K. T. 2 
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Date of 


Election. 
1849 


1850 


1851 


1852 


1853 


1854 


LIST OF ORDINARY MEMBERS. 


Edward Sang, Esq. 

William John Macquorn Rankine, Esq.; C. E., Professor of Civil Engineering, Glasqow 
University. 

Alexander Keith Johnston, Esq. 

Sheridan Muspratt, M.D., Liverpool. 

James Stark, M.D. (Re-admitted.) 

Captain W. Driscoll Gossett, R.E. 

William Seller, M. D., F. R. C. P. E. 

Hugh Blackburn, Esq., Professor of Mathematics, Glasgow. 

R. D. Thomson, M. D., Loudon, 

Mortimer Glover, M. D. Newcastle, 

Beriah Botfield, Esq., Norton Hall, Northamptonshire. 

J. S. Combe, M.D. | 

Sir David Dundas, Bart., of Dunira. 

Sir George Douglas, Bart., of Springwood Purk. 

John Stewart, Esq., of Nateby Hall. 

E. W. Dallas, Esq. 

Rev. James Grant, D.C.L., D. D., one f the Ministers of Edinburgh. 

Sir James Ramsay, Bart., Bamf House, Alyth. 

Eyre B. Powell, Esq., Madras. 

Thomas Miller, Esq., A. M., LL.D., Rector, Perth Aealemy. 

Allen Dalzell, M.D. 

James Cunningham, Esq., W.S. 

Alexander James Russell, Esq., C.S. 

Andrew Fleming, M.D., Bengal. 

James Watson, M.D., Bath. 

Capt. Robert Maclagan, Bengal Engineers. 

Rev. Dr Robert Lee, Jrofessor of Biblica! Criticism and Biblical Antiquities. 

James M. Hog, Esq., of Newliston. 

Rev. John Cumming, D.D., London. 

Hugh Scott, Esq., of Gala. 

Graeme Reid Mercer, Esq. 

Dr George Buist, Bombay. 

Sir John Maxwell, Bart., of Polloc. 


William Murray, Esq., of Monkland. 


1855 


Dr John Addington Symonds, Clifton, Bristol . 

Henry Dunlop, Esq., of Craigton. 

Dr William Bird Herapath, Bristol. 

Robert Harkness, Esq., Professor of Mineralogy and Geology, Queen’s College, Cork. 
Thomas A. Wise, M.D. 

James Coxe, M. D. 

Ernest Bonar, Esq. 

James P. Fraser, Esq. 

Stevenson Macadam, Ph.D. 
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1855 Robert Etheridge, Esq., Clifton, Bristol. 


John Inglis, Esq., Dean of Faculty. 

Rev. James 8. Hodson, D.D., Oron., Rector of the Edinburgh Academy. 
Wyville T. C. Thomson, LL. D., Professor of Geology, Belfust. 

Sir Robert K. Arbuthnot, Bart. 

Dr Wright, Cheltenham. 

James Hay, Esq. 

R. M. Smith, Esq. 


1856 David Bryce, Esq. 


1857 


William Mitchell Ellis, Esq. 

George J. Allman, M.D., Professor of Natural History. 
Honourable Lord Neaves. 

Dr Frederick Penny. 


Thomas Laycock, M.D., Professor of the Practice of Medicine. 

Thomas Cleghorn, Esq. 
James Clerk Maxwell, Esq., Professor of Natural Philosophy, Marischal College, Aberdeen. 
Horatio Ross, Esq. 

James Black, M.D. 

John Ivor Murray, M.D. 

John Melville, Esq., W.S. 

John Blackwood, Esq. 

Brinsley De Courey Nixon, Esq. 

Andrew Murray, Esq., of Conland, W.S. 

Reverend Dr James Macfarlane, Duddingston. 

W. M. Buchanan, M.D. 


Thomas Login, Esq., C.E., Pegu. 
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LIST OF NON-RESIDENT AND FOREIGN MEMBERS. 


ELECTED UNDER THE OLD LAWS. 


NON-RESIDENT. 
Richard Griffiths, Esq., Civil Engineer. 


LIST OF HONORARY FELLOWS. 


His Majesty the King of the Belgians. 

His Imperial Highness the Archduke John of Austria. 
His Imperial Highness the Archduke Maximilian. 
His Royal Highness the Prince Consort. 


FOREIGNERS (LIMITED TO THIRTY-SIX.) 


* M. Biot, Paris. 

M. de Hammer, Vienna. 

* M. de Humboldt, Berlin. 
M. Agassiz, United States. 
M. Cousin, Paris. 
M. Dumas, Do. N 
M. Charles Dupin, Do. 
M. Ehrenberg, Berlin. 
M. Elie de Beaumont, Paris 
M. Encke, Berlin. 
M. Flourens, Paris. 

NM. Guizot, Do. 

NM. Haidinger, Vienna. 
M. Hansteen, Christiania, 
M. Hausmann, Géttingen. 
M. Lamont, Munich. 
M. Leverrier, Raris. 


N.B.—The three names marked thus* in the preceding list, were included in the original Honorary List prior to | 
the change of the Law distinguishing British Subjects from Foreigners. 5 
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Dr Von Martius, Do. 

NM. Milne-Edwards, Paris. 
M. Müller, Do 
M. Necker, Geneva. 
M. Plana, Turin. 
M. Quetelet, Brussels. 
M. Regnault, Paris. 
Prof. Henry D. Rogers, Pennsylvania, 
M. Gustav Rose, Berlin. 
M. Studer, Berne. 
M. Struve, ’ Pulkowa. 
M. Thenard, Paris. 
M. Tiedemann, Heidelberg. 


BRITISH SUBJECTS (LIMITED TO TWENTY, BY LAW X.) 


J. C. Adams, Esq., p Cambridge. 
G. B. Airy, Esg., d Greenwich. 
Robert Brown, Esq., London, 

Dr Faraday, Do. 
Thomas Graham, Esq., Do. 
Henry Hallam, Esq., Do. 

Sir W. R. Hamilton, Dublin. 

Sir John F. W. Herschel, Bart., Collingwood. 
Sir William J. Hooker, Kew. 

W. Lassell, Esq., Liverpool. 
Rev. Dr Lloyd, Dublin. 
Sir Charles Lyell, London. 

Sir Roderick I. Murchison, Do. 
Richard Owen, Esq., | Do. 

Sir John Richardson, M.D., Lancrig, Westmoreland. 
Earl of Rosse, Parsonstown. 
Robert Stephenson. Esq., London. 
Rev. Dr Whewell, Cambridge. 
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M. Liebig, Munich. 
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_ LIST OF FELLOWS DECEASED, RESIGNED, AND CANCELLED 


FROM SepremBer 1853 to Aucust 1857. 


HONORARY FELLOWS DECEASED. 


M. Arago, Paris. 
M. de Bernstein, Berlin. 
M. Gauss, Göttingen. 
M. Melloni, Naples. 
Sir John Franklin, London. 
Sir W. E. Parry, Do. 

NM. Cauchy, Paris, 
M. de Charpentier, Bez. 
M. Degerando, ~ 


ORDINARY FELLOWS DECEASED. 


Robert Jameson, Esq., Professor of Natural History. 

John Campbell, Esq., of Carbrook, 

J. G. Children, Esq., F. R. S. 

W. A. Cadell, Esg., F. R. S. 

Alexander Brunton, D. D. 

Honourable Lord Fullarton. 

John Wilson, Esq., late Professor of Moral Philosophy. 

Robert Richardson, M. D., Harrowgate. 

Richard Philips, Esq., F. R. S. 

Rev. Dr William Scoresby, Exeter. , 
Robert Haldane, D.D., Principal of St Mary's College, St Andrews. 
Sir George Ballingall, M.D., Professor of Military Surgery. 
Archibald Bell, Esq., Advocate, 

John Clerk Maxwell, Esq., Advocate, 

Lieutenant-General Martin White. 

Walter Frederick Campbell, Esq. 

Sir Robert Abercromby, Bart., of Birkenbog. 

Dr Wallich, Calcutta, 

John Dewar, Esq.,. Advocate, | 
Sir Edward Ffrench Bromhead, Bart., A.M., F.R.S., Thurlsby Hall. 
Alexander Wilson Philip, M.D., London. — 

W. H. Playfair, Esq., Architect. 

John Argyle Robertson, Esq., Surgeon. 


| 

| 

| | 

—. 

| 

| 

| 

| 

| 


LIST OF FELLOWS DECEASED, RESIGNED, AND CANCELLED. 


Dr John Maecwhirter. 

Rev. Die Robert Gorden, ons of the Ministere of 
James Wilson, Esq. 

George Swinton, Esq. 

William Burn Callander, Esq., of Prestonhall. 

James Ewing, LL. D., Glasgow. 

Bindon Blood, Esq., M. R. IA. 

William Bald, Esq., M. R. I. A. 


James L' Amy, Esq., Sheriff of 
Donald Smith, Esq. 


O. Tyndal Bruce, Esq., of Falkland. 


James F. W. Johnston, A. M., ff ee 


John Adie, Esq. 

William Murray, Esq., of Henderland. 

George Turnbull, Esq. 

David Gray, Esq., Professor of Natural Philosophy, Marischal College, Aberdeen. 
Right Honourable Lord Rutherfurd. 

Honourable Lord Anderson. 

Alexander Kemp, Esq. 

Colonel Edward Madden. 

Dr Marshall Hall. 


KESIGNATIONS. 


Arthur Forbes, Esq., of Culloden. 

Rev. John Hannah, D.C. L., late Rector of Edinburgh Academy. 
Rev. Francis Garden. 

Rev. A. Barry, Glenalmond. 

James W. Grant, Esq., of Elchies. 

John 8. Blackie, Esq., M.A., Professor of Greek. 

Right Rev. Bishop Trower, D.D. * 


ELECTION CANCELLED. 


Duncan Davidson, Esq., of Tulloch. 
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The following Public Institutions and Individuals are entitled to receive Copies of the 
Transactions and Proceedings of the Royal Society of Edinburgh :— 


ENGLAND. 
The British Museum. 
The Bodleian Library, Oxford. 
The University Library, Cambridge. 


The Royal Society. 

The Linnean Society. 

The Society for the Encouragement of Arts. 

The Geological Society. 

The Royal Astronomical Society. 

The Royal Asiatic Society. 

The Zoological Society. 

The Royal Society of Literature. 

The Horticultural Society. 

The Royal Institution. 

The Royal Geographical Society. 

The Statistical Society. 

The Institution of Civil Engineers. 

The Institute of British Architects. 

The Ordnance Geological Survey. 

The Hydrographical Office, Admiralty. 

The Medico-Chirurgical Society. 

The Atheneum Club. 

The Cambridge Philosophical Society. 

The Manchester Literary and Philosophical 
Society. 

The Yorkshire Philosophical Society. 

The Chemical Society of London. 

The Museum of Economic Geology. 

The United Service Institution. 

The Royal Observatory, Greenwich. 

The Leeds Philosophical and Literary Society. 


The Historic Society of Lancashire and Cheshire. 


The Royal College of Surgeons of England. 


SCOTLAND. 
Edinburgh, University Library. 
Advocates’ Library. . 


College of Physicians. 
Highland and Agricultural Society. 
Royal Medical Society. 
Royal Physical Society. 
Royal Scottish Society of Arts. 
8 University Library. 
St Andrews, University Library. 


Aberdeen, Library of King's College. 


IRELAND. 


The Library of Trinity College, Dublin. 
The Royal Irish Academy. 


COLONIES, &c. 
The Asiatic Society of Calcutta. 
The Literary and Historical Society of Toronto. 


CONTINENT OF EUROPE. 
Amsterdam, Royal Institute of Holland. 


Berlin, Royal Academy of Sciences. 


Physical Society. 
Berne, Society of Swiss Naturalists. 
Bologna, Academy of Sciences. 
Ronn, Cesarean Academy of Naturalists. 
Brussels, Royal Academy of Sciences. 
Buda, Literary Society of Hungary. 
Copenhagen, Royal Academy of Sciences. 
Frankfort, the Senkenbergian Museum. 
Geneva, Natural History Society. 
Giessen, University Library. 
Göttingen, University Library. 
Haarlem, Natural History Society. 
Leipzig, Royal Saxon Academy. 


Lille, Royal Society of Sciences. 


Lisbon, Royal Academy of Sciences. 
Lyons, Agricultural Society. 


Mi.llan, Royal Institute. 
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Moscow, Imperial Academy of Naturalists. 
Munich, Royal Academy of Sciences of Bavaria 
(2 copies). 
Neufchatel, Museum of Natural History. 
Paris, Royal Academy of Sciences. 
Geographical Society. 
Royal Society of Agriculture. 
Society for Encouragement of Industry. 
Geological Society of France. 
... Ecole des Mines. 
Marine Depôt. 
Museum of Jardin des Plantes. 
Rotterdam, Batavian Society of Experimental 
Philosophy. 
Stockholm, Royal Academy of Sciences. 


St Petersburg, Imperial Academy of Sciences. 
M. Kupffer. 
Pulkowa Observatory. 
Turin, Royal Academy of Sciences. 
M. Michelotti. 
Venice, Royal Institute. 


UNITED STATES OF AMERICA. 

Boston, the Bowditch Library. 
New York State Library. . 
Philadelphia, American Philosophical Society. 
Yale College, Professor Silliman. 
Washington, the Smithsonian Institution. 
(All the Honorary and Ordinary Fellows of the Society 

are entitled to the Transactions and Proceedings.) 


The following Institutions and Individuals receive the Proceedings only :— 


ENGLAND. 
The Scarborough Philosophical Society. 
The Whitby Philosophical Society. 
The Newcastle Philosophical Society. 
The Geological Society of Cornwall. 
The Ashmolean Society of Oxford. 
The Literary and Philosophical Society of Liver- 
pol, 
SCOTLAND. 


The Philosophical Society of Glasgow. 
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COLONIES. 


The Literary and Philosophical Society of Quebec. 


CONTINENT OF EUROPE. 


Utrecht, the Literary and Philosophical Society. 


UNITED STATES. 


Professor Dana, Connecticut. 
Academy of Natural Science, Philadelphia. 
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LIST OF DONATIONS. 


(Continued from Vol. XX. p. 663.) 


December 5, 1853. 


DONATIONS. 
Memoirs of the Royal Astronomical Society. Vol. xxi., Parts 1 and 2. 4to. 
Proceedings of the American Association for the Advancement of Science. Sixth 
Meeting, held at Albany (N. Y.) August 1851. vo. 
Abhandlungen der Königlichen Gesellschaft der Wissenschaften zu Göttingen. 
V. Band fiir 1851 & 1852. 4to. , 
Mémoires de |’ Academie des Sciences de l'Institut de France. Tome xxiii. 4to. 


Abhandlungen der Philosoph-Philologischen Classe der Königl. Bayerischen Aka- 


demie der Wissenschaften. Band xvii., 1% Abtheil. 4to. 
Nouveaux Mémoires de la Société Hélvetique des Sciences Naturelles. Tome xii. 4to. 
Mittheilungen der Naturforschen Gesellschaft in Bern. 1851. Nr 195-257, 8vo. 
Verhandlungen der Schweizerischen Naturforschenden Gesellschaft bei ihrer 36° 
versammlung in Glarus. 1851. ~-6vo. 
Denkschriften der Kaiserlichen Akademie der Wissenschaften. Mathematisch-Na- 
turwissenschaftliche Classe. Be 4 & 5. 4to.’ 
Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. Mathematisch- 
Naturwissenschaftliche Classe. Be 9 & 10. 8vo. 
Abhandlungen der Kaiserlich Geologischen Reichsanstalt. Band. i. 1852. Fol. 
Astronomical and Meteorological Observations made at the Royal Observatory, 
Greenwich, in the year 1851. 4to. 


The Assurance Magazine and Journal of the Institute of Actuaries, Nos. 12 and 
13. 8vo. 

Journal of the Asiatic Society of Bengal. Edited by the Secretaries. Nos, 230- 
234. 8vo. 


Journal of the Geological Society of Dublin. Vol. v., Part 3. gro. 

Journal of the Horticultural Society of London. Vol. viii., Parts 2 and 3, 8vo. 

Journal of the Statistical Society of London. Vol. vi., Parts 1, 2, and 3. 8vo. 

The Quarterly Journal of the Geological Society. Vol. ix., Parts 2 and 3. 8vo. 

Journal of the Royal Asiatic Society of Great Britain and Ireland. Vol. xv., 
Part 1. 8vo. 

The Journal of Agriculture, and Transactions of the Highland and Agricultural 
Society of Scotland. No 41 (N. S.) 8vo., 

The Twentieth Annual Report of the Royal Cornwall Polytechnic Society. 1852. 
Bro. 


Silliman's American Journal of Science and Arts. Nos. 44, 45, and 46. 8vo. 


DONORS. 
The Society. 
The Association. 
The Society. 


The Institute. 
The Academy. 


The Society. 
Ditto. 
Ditto. 

The Academy. 
Ditto. 


The Institute. 
The Society. 


The Institute. 
The Society. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
The Editors. 


LIST OF DONATIONS. 


DONATIONS. 

Transactions of the Pathological Society of London. Vol. ir. 8vv. 

Memoirs of the Literary and Philosophical Society of Manchester. 2d Series. 
Vol. x. 8vo. 

Catalogue of the Birds in the Museum of the Asiatie Society of Bengal. By 
Edward Blyth. 8vo. 

Transactions of the American Philosophical Society, held at Philadelphia, for pro- 

moting Useful Knowledge. (N. S.) Vol. X., Part 2. 4to. 

Observations made at the Magnetical and Meteorol Observatory at Hobart 
Town, in Van Diemen Island. Printed by order of Her Majesty's Govern- 
ment, under the superintendence of Colonel Edward Sabine. Vol. iii. 4to. 

Observations made at the Magnetical and Meteorological Observatory at Toronto, in 
Canada. Printed by order of Her Majesty's Government, under the superin- 
tendence of Colonel Edward Sabine. Vol. ii. 4to. 

Observations made at the Magnetical and Meteorological Observatory at Bombay. 
Printed by order of the Honourable East India Company, under the superin- 
tendence of Arthur Bedford Orlebar, M.A. 1845, 1846, 1847, and 1848. 
4to. 

Abhandlungen der Königlichen Akademie der Wissenschaften zu Berlin. 1852. 4to. 

Monatsbericht der Königl. Preuss. Akademie der Wissenschaften zu Berlin. No- 
vember 1852—Julii 1853. 


January 3, 1854. 


Journal of Agriculture, and Transactions of the Highland and Agricultural Society 
of Scotland. No. 43. N. 8. gro. 

Medico-Chirurgical Transactions. Published by the Royal Medical and Chirurgical 
Society of London. Vol. xxxvi. 8vo, 

Mémoires de Académie Impériale des Sciences de St Pétersbourg. Sciences. 
Mathématiques et Physiques. Tome v., 5 & 6 Liv. 4to. 

Astronomische Beobachtungen auf der Königlichen Universitäts Sternwarte in 


Königsberg. Angestellt und * von Dr A. L. Busche. 
Fol. 


March 6, 1854. 


Lectures on Quaternions. By Sir William R. Hamilton. 8vo, 

Fourth Report of the Council of Management of the Architectural Institute of 
Scotland. 8vo, 

Memoirs of the American Academy of Arts and Sciences (N. S.) 

| With Map of Toronto. to. 

Proceedings of the American Academy of Arts and Sciences. Vol. ii. 
1848 to May 1852. gro. 

Journal of Agriculture, and Transactions of the Highland and Agricultural Society 
of Scotland. No. 44. (N. S.) gro. | 

Journal of the Statistical Society of London. Vol. xvi., Part 4. 8vo. 

The American Journal of Science and Arts. Conducted by Professors Silliman and 
Dana. Second Series. No. 49. 8vo. | 

Journal of the Horticultural Society of London. Vol. ix., Part 1, gvo. 

Journal of the Asiatic Society of Bengal. Edited by the Secretaries. No. 5. 
1853. gro. 

The Assurance Magazine, and Journal of the Institute of Actuaries. No. 14. gro. 

Thirty-third Report of the Council of the Leeds Philosophical and Literary Society. 
1852-53. 8vo. 

Jahresbericht iiber die Fortschritte der reinen, Pharmaccutischen und Technischen 
Chemie, Physik, Mineralogie und Geologie, &c. Herausgegeben von Justus 
Liebig et Hermann Kopp. 1847-50. 8vo. 


Vol. v. Part 1. 


From May 


25' Ab- 


The Hon. E.1.C. 


The Society. 
Ditto. 


The Society. 
Ditto. 
The Academy. 


The Observatory. 


The Author. 
The Institute. 


The Academy. 
Ditto. 
The Society. 


Ditto. 
The Editors. 


The Society. 
Ditto, 


The Institute. 
The Society. 


The Editor. 


14 
——— 
DONORS. 
The Society. | 
Ditto. 
Ditto. | 
Ditto. | 
Her Majesty's | 
Government. | 
Ditto. | 
| 
| 
| 
| 
| 
| 


680 | LIST OF DONATIONS. 


DONATIONS. 

Bulletins de I’ Academie Royale des Sciences, des Lettres et des Beaux Arts de 
Belgique. Tome xx. 8vo. 

Flora Batava. 174 Aflevering. to. 

Mémoires Couronnées et Mémoires des Savants Etrangers, publiés par 1 Académie 
Royale des Sciences de Belgique. Tome v. 2% Partie. 8vo. Two copies. 

Memorie della Accademia delle Scienze dell’ Istituto di Bologna. Tome iii. 4to. 

Acta Societatis Scientiarum Fennicw, Tom. iii., Fasciculus 2. 4to. 

Notiser ur Sallskapets pro Fauna et Flora Fennica Förhandlingar. Pt. 2. 4to. 

Rendiconto delle Sessioni dell’ Accademia delle Scienze dell’ Istituto di Bologna. 
1851-2. gro. 

Mémoires de P Académie des Sciences, des Lettres, et des Beaux Arts de 
Belgique. Tome xxvii. 4to. 

Mémoires sur les Variations Périodiques et non Périodiques de la Témpérature. 
Par A. Quételet. Ato. 

Observations de Phénoménes Periodiques. Par A. Quételet. 4to. 

Mémoires de la Société des Sciences Naturelles de Cherbourg. 1% Vol. 2° Liv. 
8vo. 

A History of the Fishes of Massachusetts. By David Humphreys Storer, M.D., 
A. A. S. 4to. 

Maritime Conference, held at Brussels, for devising an uniform System of Meteoro- 
logical Observations at Sea, August and September 1853. 4to. 


March 20, 1854. 


The Quarterly Journal of the Geological Society. Vol. x., Part 1. 8vo., 

Journal of the Statistical Society of London. Vol. xvii., Part 1. 8vo. 

Journal of the Royal Geographical Society. Vol. xxiv. 8vo. 

General Index to the Second Ten Volumes of the Journal of the Royal Geogra- 
phical Society. 8vo. 

Proceedings of the Literary and Philosophical Society of Liverpool, 1851-3. 
No. 7. 8vo. 

A Collection of Tables, Astronomical, Meteorological, and Magnetical. By Lieut.- 
Colonel J. T. Boileau. 4to. 5 Copies. 

Mémoires de l' Academie Nationale des Sciences, Belles 3 et Arts de Lyon. 
Classe des Lettres. Tome 17. 8vo, 

Mémoires de l'Academie Nationale des Sciences, Belles Lettres, et Arts de Lyon. 
Classe des Sciences. Tome 1, 8vo. 


April 3, 1854. 


Smithsonian Contributions to Knowledge. Vol. v. 4to. 
Sixth Annual Report of the Board of Regents of the Smithsonian Institution for 
the year 1851. 8vo. 
Smithsonian Institution Meteorological Tables. Prepared by Arnold Guyot. 8vo. 
Portraits of North American Indians, With Sketches of Scenery, &. Painted 
by J. M. Stanley. Deposited with the Smithsonian Institution. 8vo. 
Catalogue of North American Reptiles in the Museum of the Smithsonian In- 
stitution, 8vo. 

Owen's Geological Survey of Wisconsin, Iowa, and Minnesota. With IIlustra- 
tions. 4to. 

Schoolcraft’s History of the Indian Tribes of the United States. Part 3. 4to. 

Memoirs and Maps of California. By Ringgold. 8vo. 

Stanbury’s Expedition to the Great Salt Lake. 8vo. With 

Report on the Geology of the Lake Superior Land District. By J. W. Foster 
and J. D. Whitney. Part2. 8vo. With Mays. 


DONORS, 
The Academy, 


King of Holland. 
The Academy. 


The Institution. 
Ditto. 


Ditto. 
Ditto. 


Ditto. 


The American 
Government. 


Ditto. 
The Society. 
Ditto. 
The Academy. 
Ditto, 
The Author. 
Ditto. 
The Society. 
. The Author. 
The Belgian 
Academy. 
The Society. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 
The Directors of 
Hon. E. I. C. 
The Academy. 
Ditto. 
Ditto. 
Ditto. 
Ditto. 


LIST OF DONATIONS. 


DONATIONS. 

Official Report of the United States Expedition to explore the Dead Sea and the 
River Jordan. By Lieut. W. F. Lynch, U.S. N. 4to. 

Boston Journal of Natural History, containing Papers and Communications read 
before the Boston Society of Natural History. Vol. vi., Nos. 1 and 2. 8vo. 

Bulletin de la Société Imperiale des Naturalistes de Moscou. 1861, Nos. 3 

& 4; 1852, Nos. 1. 8vo, 

Bulletin de la Société de Géographie. dleme Série. Tomes iv. & v. 8vo. 

Jahrbuch der Kaiserlich-Kéniglichen Geologischen Reichsanstalt. 1852, iii. 
Jahrgang. 1853, iv. Jahrgang. 8vo. 

Flora Batava. 173 Aflevering. 4to. 

Stellarum Fixarum imprimis duplicium et multiplicium positiones mediz pro 

1830,0. Auctore F. G. W. Struve. Fol. 


681 


DONORS. 
The American 
Government. 


The Editors. 
The Society. 


Ditto. 
The Institute. 


King of Holland. 


The Russian 
Government. 


Mémoire sur les Ouragans de la Mer des Indes, au sud de l'Equateur. Par M. See 


A. Lefebre. 8vo. 
Consid¢rations générales sur |’Océan Pacifique pour fair suite a celles sur l'Océan 
| Atlantique et sur l'Océan Indien. Par M. Charles P. de Kerhallet. | 8vo. 
Tableau général des Phares et Fanaux des Cotes de la Méditerranée, de la Mer 
Noire, et de la Mer d’Azof. 8vo. 

Abhandlungen der Mathemat. Physikalischen Classe der Koeniglich Bayer- 
ischen Akademie der Wissenschaften. Bd. vii., 1 Abth. 4to. 

Annalen der Königlichen Sternwarte bei München. V. Bd. 8vo. 

Jahres Bericht der Münchener Steruwarte für 1852. 8vo. 

Afrika vor den Entdeekungen der Portugiesen. Von Dr Friedrick Kuntsmann. 4to. 

Studien des Géttingischen Vereins Bergmannischer Freunde. Im namen desselben 

herausgegeben von J. F. L. Hausmann. Bd. xvi. Heft. 1 & 2. 8vo, 

Nachrichten von der Georg-Augusts Universitat und der Königl. Gesellschaft der 

Wissenschaften zu Göttingen. 1852. 12mo. 


May 1, 1854. 


Archives du Muséum d'Histoire Naturelle. Publiées par les Professeurs de cet 
établissement. Tome vii., Liv. 1 et 2. 4to. 

Actuarial Tables; Carlisle Three-per-Cent. Single Lives and Single Deaths. With 
Auxiliary Tables. By William Thomas Thomson, F.R.S.E., F. I. A. 410. 

On the application of Cast and Wrought Iron for Building Purposes. By William 
Fairbairn, C. E. 8vo. 

Jahrbuch der Kaiserlich Königlichen Geologischen Reichsanstalt. 1853. iv. 
Jahrgang. 8vo. 


de la Marine. 
Ditto. 


Ditto. 
The Acudemy. 
TheO 

Ditto. 
The Author. 
Te Society. 


Ditto. 


The Museum. 


The Author. 
Ditto. 


The Institute. 


Denkschriften der Kaiserlichen Akademie der Wissenschaften. Mathematisch-Na- The Academy. 


turwissenschaftliche Classe. Band vi. 4to. 
Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. Mathematisch- 
aturwissenschaftliche Classe. Band xi. 8vo. 
Mémoires de l’Académie de Sciences de l' Institut de France. Tome xxiv. 4to. 
Memoirs of the Geological Survey of the United Kingdom. British Organic Re- 
mains. Parts 1, 2, 3, 4, 6, 7. 4to. 
Memoirs of the Geological Survey of Great Britain, and of the Museum of Practical 
Geo in London. Vol. ii., Parts 1 and 2. 8vo. 
Museum of Practical Geology and Geological Survey. Records of the School of 
Mines and of Science ith is iat Parts 1, 2, 3, 4. 8vo. (With 
various Maps and Pamphlets). 
Journal of the Geological Society of Dublin. Vol. vi., Part 1. 8vo. 
art 3. 8 Co. 
Silliman’s American Journal of Science and Arts. Vol. xvii., No. 50. bro. 
Comptes Rendus hebdomadaires des Séances de l' Académie des Sciences. Mai 
1853-Mai 1854. 4to. 
VOL. XXI. PART IV. 


Ditto. 
Ditto. 

H. M. Govern- 
ment. 
Ditto. 
Ditto. 

The Society. 

The Institute. 


The Editors. 
The Academy. 


8 


| | 
— | 
— 
7 
| 
Y. 
— 
* 


682 LIST OF DONATIONS. 


DONATIONS. 
Memorie della Reale Accademia delle Scienze di Torino. Tom. xiii. 4to. 


Bulletins de la Société de Géographie. Tome v. 8vo. 
Annales de l’Agriculture et de l'Industrie de Lyon, Tome iii. 8vo. 
Annales de l'Observatoire Physique Central de Russie. 1851. 2 Tomes. 4to. 


Journal of the Horticultural Society of London. Vol. viii., Part 4. 8vo. 


December 4, 1854. 


Journal of the Royal Asiatic Society of Great Britain and Ireland. Vol. xvi., 
Part 1. 8vo. 

A Descriptive Catalogue of the Historical Manuscripts in the Arabic and Persian 
Langu preserved in the Library of the Royal Asiatic Society of Great 
Britain and Ireland. By William H. Morley, M. R. A. S. 8vo. 

Essay on the Architecture of the Hindüs. By Ram Raz. Published for the 
Royal Asiatic Society of Great Britain and Ireland. 4to. 

Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt. 1853. iv. Jahr- 

ang. Nuo 4. October, November, December. 8vo. 

Mémoires de l’Académie Impériale des Sciences, Belles Lettres et Arts de Lyon. 
Classe des Lettres. Tome ii. 8vo. 

Mémoires de l' Académie Impériale des Sciences, Belles Lettres et Arts de Lyon. 
Classe des Sciences. Tome ii, 8vo. 

Annales des Sciences Physiques et Naturelles d’Agriculture et d’Industrie, pub- 
liées par la Société Impériale d’Agriculture, &o., de Lyon. 2 Série. Tome 
iv. 1852. 8vo. 

Mémoires présentés par divers savants a l' Académie des Sciences de l'Institut Im- 
périal de France, et imprimés par son ordre. Sciences Mathématiques et Phy- 
siques. Tome xii. 4to. 

Natuurkundige Verhandelingen van de Hollandsche Maatschappij der W. 
te Haarlem. Tweede Versameling. 4°, 9d, 10%, 11° Deel, 1% Stuk. 4to. 

Philosophical Transactions of the Royal Society of London. 1852, Parts 1 and 2; 
1853, Parts 1, 2, 3; 1854, Part 1. 4to. 

Verhandelingen der Koninklijke Akademie van Wetenschappen te Amsterdam. 1% 
Deel. 4to. | 

Det Kongelike Danske Videnskabernes Selskabs Skrifter. Femfte Reeke. Natur- 
videnskabelig og Mathematisk Afdeling. B*3. 4to. 

Abhandlungen, herausgegeben von der Senckenbergischen Naturforschenden Gesell- 
schaft. 1° Bd 1° Lieferung. 4to. 

Astronomical and Magnetical and Meteorological Observations made at the Roya! 
Observatory, Greenwich, in the year 1852. 4to. 


Natural History of New York. Paleontology of New York. By James Hall. 
Vols. i. and ii. to. 

— Agriculture of New York. By Ebenezer Emmons, M.D. Vols. i., ii., 
and iii. to. 


Magnetical and Meteorological Observations made at the Honourable East India Com- 
pany’s Observatory, Bombay, in the year 1850. 4to. = 


Astronomical Observations made at the Observatory of Cambridge. Vol. avi. * 


1846, 1847, and 1848. 
Mémoires Couronnés et Mémoires des Savants étrangers publiées par l’ Acadéinie 
Royale des Sciences, des Lettres et des Beaux Arts de Belgique. Tome xxv. 
1851-53. 4to. 
Annales de l'Observatoire Royal de Bruxelles. Tome x. 4to. 
Compte rendu des Travaux du Congrés Général de Statistique, réuni 4 Bruxelles, les 
| 19, 20, 21 et 22 Septembre 1853. Par A. Quételet. 4to. 
Mémoires de la Société de Physique et d'Histoire Naturelle de Genève. Tome xiii., 
2e Partie. 4to. 
Denkschriſten der Kaiserlichen Akademie der Wissenschaften. 


Mathematisch- 
Naturwissenschaftliche Classe. Bd. 7. 4to. 


The Institute. 


The Society. 


The Academy. 
The Society. 
Ditto. 
The Royal So- 
ciety. 
The State of New 
York. 
Ditto. 
The Hon, East 
India Company. 
The Observatory. 
The Academy. 
The Observatory. 
The Author. 
The Society. 
The Academy. 


DONORS. 
0 

The Society. 

Ditto. 

The Observatory. 
The Society. 
| 

The Society. 

Ditto. 
Ditto. 

The Institute. 
| The Society. 
Ditto. 
| Ditto. 

Ditto. 


LIST OF DONATIONS. 


DONATIONS, 

Tables du Soleil exécutées d’aprés les ordres de la Société Royale des Sciences de 

par MM. P. A. Hansen et C. F. R. Olufsen. 4t0. 

Rendiconto della Societa Reale Borbonica. Accademia delle Scienze. N.S. N™ 
4&5. 4to. 

Atti della Reale Accademia delle Scienze, sezione della Societa Reale Borbonica. 
Vol. vi. 410. 

Transactions of the American Philosophical Society, held at Philadelphia. (N.S.) 
Vol. x., Part 3. 4to. 

Proceedings of the American Philosophical Society. Vol. v., No. 50. 30. 

Researches upon Nemerteans and Planarians. By Charles Girard. 1. Embryonic 
development of Planocera elliptica. 4to. 

Notes on new species and localities of Microscopical Organisms. By J. W. Bailey, 
M.D. 410. 

Smithsonian Contributions to Knowledge 

Catal 


Vol. vi. 4to. 
e of the described Coleoptera of the United States. By Frederick Ernest 
elsheimer, M.D. 8vo. 


Seventh Annual Report of the Board of Regents of the Smithsonian Institution. 
1853. geo. 

The Annular Eclipse of May 26, 1854. Published under the authority of Hon. 
James C. Dobbin, Secretary of the Navy, by the Smithsonian Institution. 
Astronomical Observations made during the year 1847 at the National Observatory, 

Washington. Vol. iii. 4to. 

Patent Office Reports, published by the State of Washington. 
gvo. 

Transactions of the Wisconsin State Agricultural Society. 

Medico-Chirurgical Transactions. Published by the Royal Medical and Chirurgical 
Society of London. Vol. xxxvii. 8vo. 

The Philosophy of Physics, or Process of Creative Development. By Andrew 
Brown. 8vo. 

Bulletin de la Société Impériale des Naturalistes de Moscou. 
4. 1853, 1&2. geo. 

Novorum Actorum Academie Casares Leopoldino-Caroline Nature Curiosorum. 
Vol. xxiv. Pars 1. 4to. 

Abhandiungen der Königlichen Akademie der Wissenschaften zu Berlin. 1853. 4to. 

Monatsbericht der Königl. Preuss. Akademie der Wissenschaften zu Berlin. August 
1853—Juli 1854. go. 

Nachrichten von der Georg-Augusts-Universitat und der Konigl. Gesellschaft der 
Wissenschaften zu Göttingen. 1853. 12mo. ; 

Studien des Göttingischen Vereins Bergmannischer Freunde. In namen desselben 
herausgegeben von J. F. L. Hausmann. B" 1, heft 3. vo. 

Siluria. The History of the oldest known Rocks containing Organic Remains, with 
a brief Sketch of the distribution of Gold over the Earth. By Sir R. I. Mur- 
chison. 8vo. 

Museum of Practical Geology and Geological Survey. Records of the School of 
Mines and of Science applied tothe Arts. Vol. i., Part 4. 8vo. 

The Journal of Agriculture, and Transactions of the Highland and Agricultural 
Society of Scotland. N. S., Nos. 45 and 46. 8vo. 

Proceedings of the Architectural Institute of Scotland. Session 1853-54. ro. 

Twenty-first Annual Report of the Royal Cornwall Polytechnic Society. 1853. 8vo. 

Journal of the Statistical Society of London. Vol. xvii, Part 2. 8vo. 

The Assurance Magazine, and Journal of the Institute of Actuaries. Vol. v., Part 
4; and Vol. v., Part 1. 8vo. 

List 7 Members of the Institute of Actuaries of Great Britain and Ireland. 1854-5. 

vo. 

Atheneum. Rules and Regulations, Lists of Members, and Donations to the Li- 
brary, 1852, with Supplement for 1853. 12mo. | 


1851-3. 3 vols. 
1851 and 1852. 8vo. 


1852, N™ 2, 3, & 


Ditto. 
The Author. 


The Observatory. 
The Government 
of Washington 

The Society. 
Ditto. 

The Author. 

The Society. 

The Academy. 


Ditto. 
Ditto. 


The Society. 
The Editor. 
The Author. 


The Museum. 
The Society. 
The Institute. 
The Society. 
Ditto. 
Ditto. 
The Institute. 


The Atheneum. 


683 
DONORS. | 
The Society. | 
Ditto. 
Ditto. 
Ditto. 
| 
| 
The Smithsonian | 
Institution. 
Ditto. | 
Ditto. 
M | 
Ditto. | 
Ditto. | 


684 LIST OF DONATIONS. 


December 18, 1854. 


DONATIONS. 

Archwologia; or, Misceilaucous Tracts relating to Antiquity, published by the 
Society of Antiquaries of London. Vols. xxxii., xxxiii., Xxxiv., xxxv. Ato. 

Proceedings of the Society of Antiquaries of London. Vols. i., ii,; Vol. iii., 
Nos. 37-40. 8vo. 

Catalogue of Roman Coins collected by the late Rev. Thomas Kerrich, M.A., F.S.A., 
Prebendary of Wells and Lincoln, and presented by his Son, the Rev. 
Richard Edward Kerrich, M.A., F.S.A., to the Society . 
don. Bvo. 

List of the Society of Antiquaries of London on 23d April 1854. 8vo. 2 

Memorie della Academia delle Scienze dell’ Istituto di Bologna. Tomo iv. 4to. 

Neue Denkschyjften der Allgemeinen Schweizerischen Gesellschaft fiir die gesammten 
Naturwissenschaften. Band xiii. 4to. 

Actes de la Société Helvétique des Sciences Neturelles. Réunie à Sion, les 17; 
18, et 19 Adut 1852. 3vo. 

Actes de la Société Helvétique des Sciences Naturelles. Réunie à Porrentray, les 
2. 3, et 4 Adut 1853. gro. 

Mittheilungen der Naturforschenden Gesellschaft in Bern. NW 258-313. 8vo. 

Ueber die Symmetrische Verzweigungsweise dichotomer Inflorescenzen. Von H. 
Wydler. 8vo. 

Abhandlungen der Historischen Classe der Königlich Bayerischen Akademie der 
Wissenschaften. Be 7. 1% Abtheil. 4to. 

Gelehrte Anzeigen herausgegeben von Mitgliedern der K. Bayerischen Akademie der 
Wissenschaften. Bd 36, 37. 4to. 

Bulletin de la Société de Géographie. 4% Serie. Tome vii., 8vo. 

Bulletins de |’Académie Royale des Sciences, des Lettres, et des Beaux Arts de 
Belgique. Tome xx., 3° Parte; Tome xxi., 1" Parte. Annexe aux Bulletins, 
1853-4. 8vo. 

Transactions of the Pathological Society of London. Vol. v. 8vo. 

Proceedings of the Literary and Philosophical Society of Liverpool, during the 43d 
Session, 1853-54. No.8. 8vo. 

The American Journal of Scieuceand Arts. Conducted by Professors Silliman and 
Dana. Vol. xviii. Nos. 52, 53, 54. 8vo. 


The Quarterly Journal of the Geological Society. Vol. ix., Part 1; Vol. *., 


Parts 2 and 3. 8vo. 

Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt. 1854. No. 1, 
Jan. Feb. Marz. 8vo. 

Rendiconto della Societa Reale Borbonica. Accademia delle Scienze. N.S. Jan. 
June 1853. 4to. 

Repertorio Italiano per la Storia Naturale. Repertorium Italicum complectens 
Zoologiam, Mineralogiam, Geologiam, et Palwontologiam,. Cura J. Josephi 
Bianconi. Vol. i. 8vo. 

Jahresbericht iiber die Fortschritte der reinen, Pharmaceutischen und Technischen 
Chemie, Physik, Mineralogie und Geologie, herausgegeben von Justus Liebig 
& Hermann Kopp. 1853. 8vo. * 

Universalita dei mezzi di previdenzi, difesa, e saivezza per le calamita degl' incendi 
opera premiata in concorso dalla Accademia delle Scienze dell’ Istituto di 
Bologna. Scritta da Francisco del Guidice. 8vo. 

Bulletins de la Société Vaudoise des Sciences Naturelles. Tome iii, Nos. 25, 
28, 30, 31, 32. gro. 

Proceedings of the Academy of Natural quienes of Philadelphia, Vol. iii., Nos. 
3-6. 8vo. 

Notices of the Meetings of the Members of the Royal Institution of Great Britain. 

Part 4. Nov. 1853-July 1854. 3o. 


The Society. 
Ditto. 


The Editors. 
The Society. 
The Institute. 
The Rociety. 
The Author. 


The Editors. 


The Author. 


The Society. 


Ditto. 


| DONORS. 
| The Society. 
| Ditto. 
Ditto. 
| Ditto. 
| The Academy. 
| The Society. 
| Ditto. 
| Ditto. 
| Ditto. 
| Ditto. 
| The Academy. 
| The Society. 
The Academy. 
| 
| 
Ditto. | 


LIST OF DONATIONS. 


DONATIONS. 
1853. Part i, Manufac- 


a . Report of the Board of Regents of the Smithsonian Institution for 
the year 1852. 8vo. 

Exploration of the Valley of the Amazon, made under the direction of the Navy 
Department. By William Lewis Herndon and Lardner Gibbon. Parti. By 
Lieut. Herndon. 

Transactions of the Cambridge Philosophical Society. Vol. i., Part 3. Ato. 

Journal of the Statistical Society of London. Vol. xvi., Part 3. 6. 

General Index to the first fifteen volumes of the Journal of the Statistical Society 
of London. 8vo., | 

List of Fellows of the Statistical Society of London. Session 1854-1855. 8vo. 

Memoirs of the Royal Astronomical Society. Vol. xxii. 4to. 

Journal of the Horticultural Society of London. Vol. ix., Parts 2 and 3. 8vo. 

Journal of the Asiatic Society of Bengal. Edited by the Secretaries. Nos. 237- 
242. 8vo. 

Mémoires de la Société Impériale des Sciences de I’ Agriculture et des Arts de Lille. 
1853. 8vo. 

Die Fortschritte der Physik in den Jahren 1850 und 1851. von den 
Physikalischen Gesellschaft zu Berlin. 6 & 7 Jahrgang. 1 Abtheil. 8vo. 

Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften. Mathematisch 
Naturwissenschaftliche Classe. Bde. xi. und xii. 8vo. | 

Address to the Boston Society of Natural History. By John C. Warren, M.D. 8vo. 

Monthly Notices of the Royal Astronomical Society. Vol. xiii., 1852-3. 6vo. 

The American Journal of Science and Arts. Conducted by Professors Silliman and 
Dana, Vol. xvii., No. 51. 8vo. 


January 2, 1855. 


Flora Batava. 176 Amaia 4to. 

Transactions of the Architectural Institute of Scotland. Vol. iii., Part 1. 8vo. 

Annalen der Königlichen Sternwarte bei München. 6 Band. 8vo. 

Magnetische Ortabestimmungen ausgeführt an verschiedenen Puncten des Konig- 
reichs Bayern und an einigen auswartigen Stationen. Von Dr J. Lamont. 
1 Theil. 8vo. 

Journal of Agriculture, and Transactions of the Highland and Agricultural Society 
of Scotland. N. S., No. 47. 8vo. 

Almanaque Nautico para el aio 1855. (San Fernando.) 8vo, 


Jahrbuch der Kaiserlich-Königlichen Geologischen Reichsanstalt 1853. No. 3. 
(Juli, August, September.) ‘ 

Transactions of the Royal Scottish Society of Arts. Vol. iv., Part 2. 8vo. 

Proceedings of the Royal Society. Vol. vi., Nos, 91-101. gro. 

Boston Journal of Natural History, containing Papers and Communications read 
before the Boston Society of Natural History, and published by their direc- 
tion. Vol. vi., No. 3. 8vo. 


Proceedings of the Boston Society of Natural History. Jan. 1, 1851—Nov. 16, 


1853. gro. 
Proceedings of the Americsu Academy of Arts and Sciences. Vol. iii., pp. 1-104. 
8vo. 


March 5, 1855. | 
Journal of the Asiatic Society of Bengal. No. 6, 1854. 8vo. 


The Quarterly Journal of the Geological Society. Vol. ., Part 4. 8vo. 
VOL. XXI. PART IV. 


The Academy. 
The Author. 


The Society. 
The Editors. 


King of Holland. 
The Institute. 


The Observatory. 
Ditto. 


The Society. 


Ditto. 


The Academy. 


The Society. 
Ditto. 
8 x 


685 | 
DONORS. 
Government of 
Washington, U.S. | 
The Institution. | 
The Author. 
The Society. 
Ditto. 
Ditto. 
Ditto. | 
Ditto. | 
Ditto. | 
Ditto. 
Ditto. 
Ditto. 
| 
— 
| 
| 
The Observatory | 
of San Fernando. | 
The Institute. 
The Society. | 
Ditto, | 
Ditto. | 
| 


686 LIST OF DONATIONS. 


DONATIONS. 
Journal of the Statistical Society of London. Vol. xvii., Part 4. 8vo. 


The Journal of Agriculture, and Transactions of the ‘Highland. and Agricultural 


Society of Scotland. N.S. No. 48. 8vo. 

Catalogue of Stars near the Ecliptic, observed at Markree, during the years 1852, 
1853, e and whose places are supposed to be hitherto unpublished. 
Vol. iii. 8vo 

The American Journal of Science and Arts. Conducted by Professors Silliman and 
Dana. Vol. xix., No. 55. 8vo. 

Sitzungsberichte der Kaiserlichen Akademie der Wissenschaften, Mathematisch- 

aturwissenschaftliche Classe. Bd. xii., Heft 5; Bd. xii, Heft 1 & 2. 
8v0. 

Register zu den ersten X. Bänden der Sitzungsberichte der Mathematisch-Natur- 
wissenschaftlichen Classe, 8vo. 

Jahrbücher der K. K. Central-Anstalt für Meteorologie und Erdmagnetismus. Von 
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Notices of the Meetings of the Members of the Royal Institution of Great Britain. 
Part 5. 


Proceedings of the Liverpool Literary and Philosophical Society. Session 1854-5. 


8vo. 
Journal of the Asiatic Society of Bengal. Nos. 70, 71, 72. 8vo. 
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Kong], Vetenskaps Akademiens Arsberattelser af Wikström. 

Kongl. Vetenskaps Akademiens Arsberättelser af Boheman. 8vo. 
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M.D. 4to. 

Annual Report of the Trustees of the New York State Library, 1856. 8vo. 

List of Members and Report of Council, &c., of the Royal Institute of British 

Architects, 1856. 4to. 
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4to. 
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Description des Cotes de I' Esthonie, de la Livonie, de la Courland 
(Russie), de la Prusse, et de la Pomeraine, jusqu’au Cap Darse- 
rort, 8vo. 
Routier de Australie Traduit de l’Anglais, &c. 8vo. 
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